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(57) ABSTRACT

The present invention 1s based, at least in part, on the
identification of a pharmaceutical container formed, at least
in part, of a glass composition which exhibits a reduced
propensity to delaminate, 1.e., a reduced propensity to shed
glass particulates. As a result, the presently claimed con-
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mixaban), SARILUMARB (sartlumab), LANTUS and LYX-
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MULSEVO (semuloparin sodium).
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DELAMINATION RESISTANT
PHARMACEUTICAL GLASS CONTAINERS
CONTAINING ACTIVE PHARMACEUTICAL
INGREDIENTS

CROSS REFERENCE TO RELATED
APPLICATIONS

The present application i1s related to U.S. Provisional
Application No. 61/815,717 filed Apr. 24, 2013, entitled

“Delamination Resistant Pharmaceutical Glass Containers
Containing Active Pharmaceutical Ingredients™, the entirety
of which 1s hereby incorporated by reference herein.

SEQUENCE LISTING

The 1nstant application contains a Sequence Listing which
has been submitted electronically in ASCII format and 1s
hereby incorporated by reference in its entirety. Said ASCII

copy, created on Apr. 22, 2014, 1s named 122467-
02102_SL.txt and 1s 1,685 bytes 1n size.

FIELD OF THE INVENTION

The present specification generally relates to pharmaceu-
tical containers and, more specifically, to chemically and
mechanically durable pharmaceutical containers that are
delamination resistant and formed, at least in part, of a glass
composition.

BACKGROUND

The design of a packaged pharmaceutical composition
generally seeks to provide an active pharmaceutical ingre-
dient (API) 1n a suitable package that i1s convenient to use,
that maintains the stability of the API over prolonged
storage, and that ultimately allows for the delivery of
ellicacious, stable, active, nontoxic and nondegraded API.

Most packaged formulations are complex physico-chemi-
cal systems, through which the API 1s subject to deteriora-
tion by a variety of chemical, physical, and microbial
reactions. Interactions between drugs, adjuvants, containers,
and/or closures may occur, which can lead to the 1nactiva-
tion, decomposition and/or degradation of the API.

Historically, glass has been used as the preferred matenal
for packaging pharmaceuticals because of i1ts hermeticity,
optical clarity and excellent chemical durability relative to
other materials. Specifically, the glass used 1n pharmaceu-
tical packaging must have adequate chemical durability so
as not to aflect the stability of the pharmaceutical compo-
sitions contained therein. Glasses having suitable chemical
durability 1include those glass compositions within the
ASTM standard ‘Type 1B’ glass compositions which have a
proven history of chemical durability.

However, use of glass for such applications 1s limited by
the mechanical performance of the glass. Specifically, in the
pharmaceutical industry, glass breakage 1s a safety concern
for the end user as the broken package and/or the contents
of the package may injure the end user. Further, non-
catastrophic breakage (i.e., when the glass cracks but does
not break) may cause the contents to lose their sterility
which, in turn, may result 1n costly product recalls.

One approach to improving the mechanical durability of
the glass package 1s to thermally temper the glass package.
Thermal tempering strengthens glass by inducing a surface
compressive stress during rapid cooling after forming. This
technique works well for glass articles with flat geometries
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(such as windows), glass articles with thicknesses>2 mm,
and glass compositions with high thermal expansion. How-

ever, pharmaceutical glass packages typically have complex
geometries (vial, tubular, ampoule, etc.), thin walls (~1-1.5
mm), and are produced from low expansion glasses (30-55x
10~’K™") making glass pharmaceutical packages unsuitable
for strengthening by thermal tempering.

Chemical tempering also strengthens glass by the intro-
duction of surface compressive stress. The stress 1s 1ntro-
duced by submerging the article in a molten salt bath. As
ions from the glass are replaced by larger 1ons from the
molten salt, a compressive stress 1s induced 1n the surface of
the glass. The advantage of chemical tempering 1s that 1t can
be used on complex geometries, thin samples, and 1s rela-
tively msensitive to the thermal expansion characteristics of
the glass substrate. However, glass compositions which
exhibit a moderate susceptibility to chemical tempering
generally exhibit poor chemical durability and vice-versa.

Finally, glass compositions commonly used 1in pharma-
ceutical packages, e.g., Type la and Type 1b glass, further
suller from a tendency for the interior surfaces of the
pharmaceutical package to shed glass particulates or
“delaminate” following exposure to pharmaceutical solu-
tions. Such delamination often destabilizes the active phar-
maceutical ingredient (API) present 1n the solution, thereby
rendering the API therapeutically ineflective or unsuitable
for therapeutic use.

Delamination has caused the recall of multiple drug
products over the last few years (see, for example, Reynolds
et al., (2011) BioProcess International 9(11) pp. 52-57). In
response to the growing delamination problem, the U.S.
Food and Drug Administration (FDA) has 1ssued an advi-
sory 1ndicating that the presence of glass particulate 1n
injectable drugs can pose a risk.

The advisory states that, “Where 1s potential for drugs
administered intravenously that contain these fragments to
cause embolic, thrombotic and other vascular events; and
subcutaneously to the development of foreign body granu-
loma, local mjections site reactions and increased 1mmuno-
genicity.”

Accordingly, a recognized need exists for alternative glass
containers for packaging of pharmaceutical compositions
which exhibit a reduced propensity to delaminate.

SUMMARY

In one aspect, the present mmvention 1s directed to a
delamination resistant pharmaceutical container formed, at
least 1n part, of a glass composition including from about 70
mol. % to about 80 mol. % S10,; from about 3 mol. % to
about 13 mol. % alkaline earth oxide; X mol. % Al,O;; and
Y mol. % alkali oxide, wherein the alkali oxide includes
Na,O 1n an amount greater than about 8 mol. %, wherein the
ratio of Y:X 1s greater than 1, and the glass composition 1s
free of boron and compounds of boron.

In one embodiment, the S10, 1s present in an amount less
than or equal to 78 mol. %.

In one embodiment, the amount of the alkaline earth oxide
1s greater than or equal to about 4 mol. % and less than or
equal to about 8 mol. %. In a particular embodiment, the
alkaline earth oxide includes MgO and CaO and has a ratio
(CaO (mol. %)/(Ca0 (mol. %)+MgO (mol. %))) that 1s less
than or equal to 0.3. In a particular embodiment, the alkaline
carth oxide 1ncludes from about 0.1 mol. % to less than or
equal to about 1.0 mol. % CaO. In a particular embodiment,
the alkaline earth oxide includes from about 3 mol. % to

about 7 mol. % MgO.
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In another embodiment, the alkali oxide includes greater
than or equal to about 9 mol. % Na,O and less than or equal
to about 15 mol. % Na,O. In another embodiment, the alkali
oxide further includes K,O 1n an amount less than or equal
to about 3 mol. %. In a particular embodiment, the alkali
oxide mcludes K,O 1 an amount greater than or equal to
about 0.01 mol. % and less than or equal to about 1.0 mol.
%.

In one embodiment, X 1s greater than or equal to about 2
mol. % and less than or equal to about 10 mol. %. In a
particular embodiment, the ratio of Y:X 1s less than or equal
to 2. In a particular embodiment, the ratio of Y:X 1s greater
than or equal to 1.3 and less than or equal to 2.0.

In another embodiment, the glass composition is free of
phosphorous and compounds of phosphorous.

In one embodiment, the glass composition has a type
HGB1 hydrolytic resistance according to ISO 719. Alterna-
tively or 1n addition, the glass composition has a type HGA1
hydrolytic resistance according to ISO 720 aifter 1on
exchange strengthening. Alternatively or in addition, the
glass composition has a type HGA1 hydrolytic resistance
according to ISO 720 before and after ion exchange
strengthening. Alternatively or 1n addition, the glass com-
position has at least a class S3 acid resistance according to
DIN 12116. Alternatively or 1n addition, the glass compo-
sition has at least a class A2 base resistance according to ISO
695.

In one embodiment, the glass composition 1s 10n
exchange strengthened.

In another embodiment, the composition further includes
a compressive stress layer with a depth of layer greater than
or equal to 10 um and a surface compressive stress greater
than or equal to 250 MPa.

In another aspect, the present nvention provides a
delamination resistant pharmaceutical container formed, at
least 1n part, of a glass composition including from about 72
mol. % to about 78 mol. % S10,; from about 4 mol. % to
about 8 mol. % alkaline earth oxide; X mol. % Al,O;,
wherein X 1s greater than or equal to about 4 mol. % and less
than or equal to about 8 mol. %; and Y mol. % alkal1 oxide,
wherein the alkali oxide includes Na,O 1n an amount greater
than or equal to about 9 mol. % and less than or equal to
about 15 mol. %, wherein the ratio of Y:X 1s greater than 1,
and the glass composition 1s iree of boron and compounds
ol boron.

In a particular embodiment, the ratio of Y:X 1s less than
or equal to about 2. In a particular embodiment, the ratio of
Y:X 1s greater than or equal to about 1.3 and less than or
equal to about 2.0.

In one embodiment, the alkaline earth oxide includes
MgO and CaO and has a ratio (CaO (mol. %)/(Ca0O (mol.
%)+MgO (mol. %))) less than or equal to 0.5.

In another embodiment, the alkali oxide includes K,O 1n
an amount greater than or equal to about 0.01 mol. % and
less than or equal to about 1.0 mol. %.

In another aspect, the present invention provides a
delamination resistant pharmaceutical container formed, at

least 1 part, of a glass composition including from about 68
mol. % to about 80 mol. % S10,; from about 3 mol. % to

about 13 mol. % alkaline earth oxide; X mol. % Al,O;; Y
mol. % alkali oxide, wherein the alkali oxide includes Na,O
in an amount greater than about 8 mol. %; and B,Os;,
wherein the ratio (B,O, (mol. %)/(Y mol. %-X mol. %) 1s
greater than 0 and less than 0.3, and the ratio of Y:X 1s
greater than 1.

In one embodiment, the amount of S10, 1s greater than or
equal to about 70 mol. %.
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In one embodiment, the amount of alkaline earth oxide 1s
greater than or equal to about 4 mol. % and less than or equal
to about 8 mol. %. In a particular embodiment, the alkaline
carth oxide includes MgO and CaO and has a ratio (CaO
(mol. %)/(Ca0O (mol. %)+MgO (mol. %))) less than or equal
to 0.5. In a particular embodiment, the alkaline earth oxide
includes CaO 1n an amount greater than or equal to about 0.1
mol. % and less than or equal to about 1.0 mol. %. In a
particular embodiment, the alkaline earth oxide includes
from about 3 mol. % to about 7 mol. % MgO.

In one embodiment, the alkali oxide 1s greater than or
equal to about 9 mol. % Na,O and less than or equal to about
15 mol. % Na,O. In a particular embodiment, the alkali
oxide further includes K,O 1n a concentration less than or
equal to about 3 mol. %. In another embodiment, the alkali
oxide further includes K,O 1n a concentration greater than or
equal to about 0.01 mol. % and less than or equal to about
1.0 mol. %.

In another embodiment, the pharmaceutical container has
a ratio (B,0O; (mol. %)/(Y mol. %-X mol. %) less than 0.2.
In a particular embodiment, the amount of B,O, 1s less than
or equal to about 4.0 mol. %. In another embodiment, the
amount of B,O, 1s greater than or equal to about 0.01 mol.
%.

In one embodiment, X 1s greater than or equal to about 2
mol. % and less than or equal to about 10 mol. %. In a
particular embodiment, the ratio of Y:X 1s less than or equal
to 2. In another embodiment, the ratio of Y:X 1s greater than
1.3.

In one embodiment, the glass composition 1s free of
phosphorous and compounds of phosphorous.

In one embodiment, the glass composition has a type
HGB1 hydrolytic resistance according to ISO 719. Alterna-
tively or 1n addition, the glass composition has a type HGAI
hydrolytic resistance according to ISO 720 aifter 1on
exchange strengthening. Alternatively or in addition, the
glass composition has a type HGA1 hydrolytic resistance
according to ISO 720 before and after ion exchange
strengthening. Alternatively or in addition, the glass com-
position has at least a class S3 acid resistance according to
DIN 12116. Alternatively or 1n addition, the glass compo-
sition has at least a class A2 base resistance according to ISO
693.

In one embodiment, the glass composition 1s 1on
exchange strengthened.

In another embodiment, the composition further includes
a compressive stress layer with a depth of layer greater than
or equal to 10 um and a surface compressive stress greater
than or equal to 250 MPa.

In one embodiment of any of the foregoing aspects of the
invention, the pharmaceutical container further includes a
pharmaceutical composition having an active pharmaceuti-
cal ingredient. In a particular embodiment, the pharmaceu-
tical composition includes a citrate or phosphate bufler, for
example, sodium citrate, SSC, monosodium phosphate or
disodium phosphate. Alternatively or 1n addition, the phar-
maceutical composition has a pH between about 7 and about
11, between about 7 and about 10, between about 7 and
about 9, or between about 7 and about 8.

In one embodiment of any of the foregoing aspects of the
invention, the active pharmaceutical ingredient 1s a recom-
binant GLP-1 receptor agonist, or an analog thereotf. In one
embodiment, the pharmaceutical composition 1s LYX-
UMIA® (lixisenatide).

In one embodiment of any of the foregoing aspects of the
invention, the active pharmaceutical ingredient 1s a mono-
clonal antibody that selectively targets CD52, or an analog
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thereof. In a particular embodiment, the pharmaceutical
composition 1s LEMTRADA™ (alemtuzumab).

In one embodiment of any of the foregoing aspects of the
invention, the active pharmaceutical ingredient 1s a mono-
clonal antibody that selectively targets proprotein conver-
tase subtilisin/kexin type 9, or a derivative thereof. In a
particular embodiment, the pharmaceutical composition 1s
REGN727/SAR2365353 (alirocumab).

In one embodiment of any of the foregoing aspects of the
invention, the active pharmaceutical ingredient 1s 4-10do-3-
nitrobenzamide, or an analog thereol. In a particular
embodiment, the pharmaceutical composition 1s
SAR2405550/BSI-201 (iniparib).

In one embodiment of any of the foregoing aspects of the
invention, the active pharmaceutical imgredient 1s a revers-
ible, direct inhibitor of Factor Xa, or an analog thereof. In a
particular embodiment, the pharmaceutical composition 1s
OTAMIXABAN (otamixaban).

In one embodiment of any of the foregoing aspects of the
invention, the active pharmaceutical imngredient 1s a mono-
clonal antibody that selectively targets the interleukin-6
receptor (IL-6R), or an analog thereol. In a particular
embodiment, the pharmaceutical composition 1s SARI-
LUMARB (sarilumab, also known as REGN88/SAR153191).

In one embodiment of any of the foregoing aspects of the
invention, the active pharmaceutical ingredient 1s a recom-
binant GLP-1 receptor agonist and a recombinant human
insulin, or dertvatives thereof. In a particular embodiment,
the pharmaceutical composition 1s LYXUMIA® (lixisen-
atide) and LANTUS® (insulin glargine).

In one embodiment of any of the foregoing aspects of the
invention, the active pharmaceutical ingredient 1s a hemi-
synthetic ultra low molecular weight heparin, or a derivative
thereol. In a particular embodiment, the pharmaceutical
composition 15 VISAMERIN™/MULSEVO™  (semu-
loparin sodium).

In a particular aspect, the present invention provides a
delamination resistant pharmaceutical container formed, at

least 1 part, of a glass composition including about 76.8
mol. % S10,; about 6.0 mol. % AlL,O,; about 11.6 mol. %

Na,O; about 0.1 mol. % K,O; about 4.8 mol. % MgO; and
about 0.5 mol. % CaQ, wherein the glass composition 1s free
of boron and compounds of boron; and wherein the phar-
maceutical container further comprises a pharmaceutical
composition selected from the group consisting of LY X-
UMIA® (lixisenatide), LEMTRADA™ (alemtuzumab),
REGN727/SAR236553 (alirocumab), SAR2405550/BSI-
201 (mparib), OTAMIXABAN (otamixaban), SARI-
LUMARB (sarilumab), LANTUS® and LYXUMIA® (1nsu-
lin glargine and lixisenatide) and VISAMERINTY/
MULSEVO™ (semuloparin sodium).

In one aspect, the present invention includes a delamina-
tion resistant pharmaceutical container including a glass
composition. The pharmaceutical container includes from
about 70 mol. % to about 80 mol. % S10,; from about 3 mol.
% to about 13 mol. % alkaline earth oxide; X mol. % Al,O,;
and Y mol. % alkali oxide. The alkali oxide includes Na,O
in an amount greater than about 8 mol. %, a ratio of Y:X 1s
greater than 1, and the glass composition 1s free of boron and
compounds of boron. The delamination resistant pharma-
ceutical container further includes an active pharmaceutical
ingredient.

In one or more embodiments, the S10,, 1s present 1n an
amount less than or equal to 78 mol. %. In some embodi-
ments, an amount of the alkaline earth oxide 1s greater than
or equal to about 4 mol. % and less than or equal to about
8 mol. %. In one or more embodiments, the alkaline earth
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oxide includes MgO and CaO and a ratio (CaO (mol.
%)/(Ca0 (mol. %)+MgO (mol. %))) 1s less than or equal to

0.5. In one or more embodiments, the alkaline earth oxide
includes from about 0.1 mol. % to less than or equal to about
1.0 mol. % CaO. In one or more embodiments, the alkaline
carth oxide includes from about 3 mol. % to about 7 mol. %
MgQO. In one or more embodiments, X 1s greater than or
equal to about 2 mol. % and less than or equal to about 10
mol. %. In embodiments, the alkali oxide includes greater
than or equal to about 9 mol. % Na,O and less than or equal
to about 15 mol. % Na,O. In some embodiments, the ratio
of Y:X 1s less than or equal to 2. In one or more embodi-
ments, the ratio of Y:X 1s greater than or equal to 1.3 and less
than or equal to 2.0. In one or more embodiments, the alkali
oxide further includes K,O 1n an amount less than or equal
to about 3 mol. %. In one or more embodiments, the glass
composition 1s free of phosphorous and compounds of
phosphorous. In one or more embodiments, the alkali oxide
includes K,O 1n an amount greater than or equal to about
0.01 mol. % and less than or equal to about 1.0 mol. %.

In another aspect, the invention includes a delamination
resistant pharmaceutical container including a pharmaceu-
tical composition. The pharmaceutical container includes an
active pharmaceutical ingredient, such that the pharmaceu-
tical container includes a glass composition mcluding S10,
in a concentration greater than about 70 mol. %; alkaline
carth oxide including MgO and CaO, wherein CaO 1s
present 1n an amount greater than or equal to about 0.1 mol.
% and less than or equal to about 1.0 mol. %, and a ratio
(CaO (mol. %)/(Ca0 (mol. %)+MgO (mol. %))) 1s less than
or equal to 0.5; and Y mol. % alkali oxide, wherein the alkali
oxide 1includes Na,O 1n an amount greater than about 8 mol.
%, such that the glass composition 1s free of boron and
compounds of boron.

In another aspect, the invention includes a delamination
resistant pharmaceutical container including a pharmaceu-
tical composition including an active pharmaceutical ingre-
dient. The pharmaceutical container includes a glass com-
position including from about 72 mol. % to about 78 mol. %
S10,; from about 4 mol. % to about 8 mol. % alkaline earth
oxide, wherein the alkaline earth oxide includes MgO and
CaO and a ratio (CaO (mol. %)/(Ca0 (mol. %)+MgO (mol.
%))) 1s less than or equal to 0.5; X mol. % Al,O;, such that
X 1s greater than or equal to about 4 mol. % and less than
or equal to about 8 mol. %; and Y mol. % alkal1 oxide, such
that the alkali oxide includes Na.,, O 1n an amount greater than
or equal to about 9 mol. % and less than or equal to about
15 mol. %, a ratio of Y:X 1s greater than 1, and the glass
composition 1s Iree of boron and compounds of boron.

In another aspect, the invention includes a delamination
resistant pharmaceutical container including a pharmaceu-
tical composition including an active pharmaceutical ingre-
dient. The pharmaceutical container includes a glass com-
position. The glass composition includes from about 70 mol.
% to about 80 mol. % S10,; from about 3 mol. % to about
13 mol. % alkaline earth oxide, such that the alkaline earth
oxide includes CaO 1n an amount greater than or equal to
about 0.1 mol. % and less than or equal to about 1.0 mol. %,
MgQO, and a ratio (CaO (mol. %)/(CaO (mol. %)+MgO (mol.
%))) 1s less than or equal to 0.5; X mol. % Al,O,, wherein
X 1s greater than or equal to about 2 mol. % and less than
or equal to about 10 mol. %; and Y mol. % alkal1 oxide,
wherein the alkali oxide includes from about 0.01 mol. % to
about 1.0 mol. % K,O and a ratio of Y:X 1s greater than 1,
and the glass composition 1s iree of boron and compounds
of boron.
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In one or more embodiments of any of the above aspects,
the pharmaceutical composition 1includes Lyxumia (lixisen-

atide), Lemtrada (alemtuzumab), REGN727/SAR236553
(alirocumab), SAR2405550/BSI-201 (iniparib), Otamixa-
ban (otamixaban), Sarilumab (sarilumab), Lantus and Lyx-
umia (insulin glargine and lixisenatide) or Visamerin/Mul-
sevo (semuloparin sodium).

In one aspect, the present invention includes a pharma-
ceutical composition. The pharmaceutical composition
includes Lyxumia (lixisenatide), Lemtrada (alemtuzumab),
REGN727/SAR236553 (alirocumab), SAR2405550/BSI-
201 (mmiparib), Otamixaban (otamixaban), Sarilumab (sari-
lumab), Lantus and Lyxumia (insulin glargine and lixisen-
atide) or Visamerin/Mulsevo (semuloparin sodium) and a
pharmaceutically acceptable excipient, such that the phar-
maceutical composition 1s contained within a glass pharma-
ceutical container including an internal homogeneous layer.

In one or more embodiments, the pharmaceutical con-
tainer comprises a compressive stress layer with a surface
compressive stress greater than or equal to 150 MPa. In one
or more embodiments, the pharmaceutical container com-
prises a compressive stress layer with a surface compressive
stress greater than or equal to 250 MPa. In one or more
embodiments, the pharmaceutical container includes a depth
of layer greater than 30 um. In one or more embodiments,
the depth of layer 1s greater than 35 um. In one or more
embodiments, the pharmaceutical composition demonstrates
increased stability, product integrity, or eflicacy.

In one aspect, the present invention includes a pharma-
ceutical composition. The pharmaceutical composition
includes Lyxumia (lixisenatide), Lemtrada (alemtuzumab),
REGN727/SAR236553 (alirocumab), SAR2405550/BSI-
201 (mmiparib), Otamixaban (otamixaban), Sarilumab (sari-
lumab), Lantus and Lyxumia (insulin glargine and lixisen-
atide) or Visamerin/Mulsevo (semuloparin sodium) and a
pharmaceutically acceptable excipient, such that the phar-
maceutical composition 1s contained within a glass pharma-
ceutical container including an internal homogeneous layer
having a compressive stress greater than or equal to 150
MPa.

In one or more embodiments, the pharmaceutical con-
tainer includes a depth of layer greater than 10 um. In one
or more embodiments, the pharmaceutical container
includes a depth of layer greater than 25 um. In one or more
embodiments, the pharmaceutical container includes a depth
of layer greater than 30 um. In one or more embodiments,
the pharmaceutical container has compressive stress greater
than or equal to 300 MPa. In one or more embodiments, the
pharmaceutical container includes increased stability, prod-
uct integrity, or eflicacy.

In another aspect, the present technology includes a
pharmaceutical composition. The pharmaceutical composi-

tion includes Lyxumia (lixisenatide), Lemtrada (alemtu-
zumab), REGN727/SAR236553 (alirocumab),

SAR2405550/BSI1-201 (iniparib), Otamixaban (otamixa-
ban), Sarilumab (sarilumab), Lantus and Lyxumia (insulin
glargine and lixisenatide) or Visamerin/Mulsevo (semu-
loparin sodium) and a pharmaceutically acceptable excipi-
ent, such that the pharmaceutical composition 1s contained
within a glass pharmaceutical container having a compres-
sive stress greater than or equal to 150 MPa and a depth of
layer greater than 10 um, and such that the pharmaceutical
composition demonstrates increased stability, product integ-
rity, or eflicacy.

In another aspect, the present technology includes a
pharmaceutical composition. The pharmaceutical composi-
tion includes Lyxumia (lixisenatide), Lemtrada (alemtu-
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zumab), REGN727/SAR236553 (alirocumab),
SAR2405550/BSI1-201 (iniparib), Otamixaban (otamixa-
ban), Sarilumab (sarilumab), Lantus and Lyxumia (insulin
glargine and lixisenatide) or Visamerin/Mulsevo (semu-
loparin sodium) and a pharmaceutically acceptable excipi-
ent, such that the pharmaceutical composition 1s contained
within a glass pharmaceutical container including a substan-
tially homogeneous inner layer, and such that the pharma-
ceutical composition demonstrates increased stability, prod-
uct 1ntegrity, or eflicacy.

In another aspect, the present technology includes a
pharmaceutical composition. The pharmaceutical composi-

tion includes Lyxumia (lixisenatide), Lemtrada (alemtu-
zumab), REGN727/SAR236553 (alirocumab),

SAR2405550/BSI1-201 (iniparib), Otamixaban (otamixa-
ban), Sarilumab (sarilumab), Lantus and Lyxumia (insulin
glargine and lixisenatide) or Visamerin/Mulsevo (semu-
loparin sodium) and a pharmaceutically acceptable excipi-
ent, such that the pharmaceutical composition 1s contained
within a glass pharmaceutical container having a delamina-
tion factor of less than 3, wherein the pharmaceutical
composition demonstrates increased stability, product integ-
rity, or eflicacy.

In another aspect, the present technology includes a
pharmaceutical composition. The pharmaceutical composi-
tion includes Lyxumia (lixisenatide), Lemtrada (alemtu-
zumab), REGN727/SAR236553 (alirocumab),
SAR2405550/BSI1-201 (iniparib), Otamixaban (otamixa-
ban), Sarilumab (sarilumab), Lantus and Lyxumia (insulin
glargine and lixisenatide) or Visamerin/Mulsevo (semu-
loparin sodium) and a pharmaceutically acceptable excipi-
ent, such that the pharmaceutical composition 1s contained
within a glass pharmaceutical container which 1s substan-
tially free of boron, and such that the pharmaceutical com-
position demonstrates increased stability, product integrity,
or eflicacy.

In one or more embodiments, the glass pharmaceutical
container has a compressive stress greater than or equal to
150 MPa and a depth of layer greater than 25 um. In one or
more embodiments, the glass pharmaceutical container has
a compressive stress greater than or equal to 300 MPa and
a depth of layer greater than 35 um. In one or more
embodiments, the glass pharmaceutical container includes a
substantially homogeneous inner layer. In one or more
embodiments, the glass pharmaceutical container has a
compressive stress greater than or equal to 150 MPa and a
depth of layer greater than 25 um.

In another aspect, the present technology includes a
pharmaceutical composition. The pharmaceutical composi-
tion 1ncludes Lyxumia (lixisenatide), Lemtrada (alemtu-
zumab), REGN727/SAR236553 (alirocumab),
SAR2405550/BSI1-201 (iniparib), Otamixaban (otamixa-
ban), Sarilumab (sarilumab), Lantus and Lyxumia (insulin
glargine and lixisenatide) or Visamerin/Mulsevo (semu-
loparin sodium) and a pharmaceutically acceptable excipi-
ent, such that the pharmaceutical composition 1s contained
within a glass pharmaceutical container including a delami-
nation factor of less than 3, and such that the pharmaceutical
composition includes increased stability, product integrity,
or eflicacy.

In one or more embodiments of any of the above aspects,
the container has a compressive stress greater than or equal
to 300 MPa. In one or more embodiments, the container has
a depth of layer greater than 25 um. In one or more
embodiments, the container has a depth of layer greater than
30 um. In one or more embodiments, the container has a
depth of layer of at least 35 um. In one or more embodi-




Us 9,707,155 B2

9

ments, the container has a compressive stress greater than or
equal to 300 MPa. In one or more embodiments, the con-

tainer has a compressive stress greater than or equal to 350
MPa.

Additional features and advantages will be set forth in the
detailed description which follows, and 1in part will be
readily apparent to those skilled in the art from that descrip-
tion or recognmzed by practicing the embodiments described
herein, including the detailed description which follows, the
claims, as well as the appended drawings.

It 1s to be understood that both the foregoing general
description and the following detailed description describe
various embodiments and are intended to provide an over-
view or framework for understanding the nature and char-
acter of the claimed subject matter. The accompanying
drawings are 1icluded to provide a further understanding of
the various embodiments, and are incorporated into and
constitute a part of this specification. The drawings 1llustrate
the various embodiments described herein, and together
with the description serve to explain the principles and
operations of the claimed subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 graphically depicts the relationship between the
rat10 of alkali oxides to alumina (x-axis) and the strain point,
annealing point, and softening point (y-axes) of inventive
and comparative glass compositions;

FIG. 2 graphically depicts the relationship between the
ratio of alkal1 oxides to alumina (x-axis) and the maximum
compressive stress and stress change (y-axes) of inventive
and comparative glass compositions;

FIG. 3 graphically depicts the relationship between the
ratio of alkali oxides to alumina (x-axis) and hydrolytic
resistance as determined from the ISO 720 standard (y-axis)
ol inventive and comparative glass compositions;

FIG. 4 graphically depicts diffusivity D (y-axis) as a
tfunction of the ratio (CaO/(CaO+MgQO)) (x-axis) for inven-
tive and comparative glass compositions;

FIG. § graphically depicts the maximum compressive
stress (y-axis) as a function of the ratio (CaO/(CaO+MgQO))
(x-axis) for mventive and comparative glass compositions;

FIG. 6 graphically depicts diffusivity D (y-axis) as a
function of the ratio (B,.O,/(R,0—Al,0O,)) (x-axis) for
inventive and comparative glass compositions; and

FIG. 7 graphically depicts the hydrolytic resistance as
determined from the ISO 720 standard (y-axis) as a function
of the ratio (B,0,/(R,O0—Al,0,)) (x-axis) for inventive and
comparative glass compositions.

DETAILED DESCRIPTION

The present mvention 1s based, at least in part, on the
identification of a pharmaceutical container formed, at least
in part, of a glass composition which exhibits a reduced
propensity to delaminate, 1.e., a reduced propensity to shed
glass particulates. As a result, the presently claimed con-
tainers are particularly suited for storage, maintenance and/
or delivery of therapeutically eflicacious pharmaceutical
compositions and, in particular pharmaceutical solutions
comprising active pharmaceutical ingredients, for example,
LYXUMIA® (lixisenatide), LEMTRADA™ (alemtu-
zumab), REGN727/SAR236553 (alirocumab),
SAR2405550/BSI-201 (imparib), OTAMIXABAN (ota-
mixaban), SARILUMAB (sarilumab), LANTUS® and
LYXUMIA® (insulin glargine and lixisenatide) or VISAM-
ERIN™M/MULSEVO™ (semuloparin sodium).
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Conventional glass containers or glass packages for con-
taining pharmaceutical compositions are generally formed
from glass compositions which are known to exhibit chemi-
cal durability and low thermal expansion, such as alkali
borosilicate glasses. While alkal1 borosilicate glasses exhibit
good chemical durability, container manufacturers have
sporadically observed silica-rich glass tlakes dispersed 1n the
solution contained in the glass containers as a result of
delamination, particularly when the solution has been stored
in direct contact with the glass surface for long time periods
(months to years).

Delamination refers to a phenomenon in which glass
particles are released from the surface of the glass following,
a series of leaching, corrosion, and/or weathering reactions.
In general, the glass particles are silica-rich tlakes of glass
which originate from the interior surface of the package as
a result of the leaching of modifier 10ons mto a solution
contained within the package. These flakes may generally be
from about 1 nm to 2 um thick with a width greater than
about 50 um.

It has heretofore been hypothesized that delamination 1s
due to the phase separation which occurs in alkali borosili-
cate glasses when the glass 1s exposed to the elevated
temperatures used for reforming the glass into a container
shape.

However, 1t 1s now believed that the delamination of the
silica-rich glass flakes from the interior surfaces of the glass
containers 1s due to the compositional characteristics of the
glass container 1n 1ts as-formed condition. Specifically, the
high silica content of alkali borosilicate glasses increases the
melting temperature of the glass. However, the alkali and
borate components in the glass composition melt and/or
vaporize at much lower temperatures. In particular, the
borate species 1n the glass are highly volatile and evaporate
from the surface of the glass at the high temperatures
necessary to melt and form the glass.

Specifically, glass stock 1s reformed 1nto glass containers
at high temperatures and in direct flames. The high tem-
peratures cause the volatile borate species to evaporate from
portions of the surface of the glass. When this evaporation
occurs within the iterior volume of the glass container, the
volatilized borate species are re-deposited 1n other areas of
the glass causing compositional heterogeneities 1n the glass
container, particularly with respect to the bulk of the glass
container. For example, as one end of a glass tube 1s closed
to form the bottom or floor of the container, borate species
may evaporate from the bottom portion of the tube and be
re-deposited elsewhere 1n the tube. As a result, the areas of
the container exposed to higher temperatures have silica-rich
surfaces. Other areas of the container which are amenable to
boron deposition may have a silica-rich surface with a
boron-rich layer below the surface. Areas amenable to boron
deposition are at a temperature greater than the anneal point
of the glass composition but less than the hottest temperature
the glass 1s subjected to during reformation when the boron
1s incorporated into the surface of the glass. Solutions
contained 1n the container may leach the boron from the
boron-rich layer. As the boron-rich layer 1s leached from the
glass, the silica-rich surface begins to spall, shedding silica-
rich flakes into the solution.

DEFINITIONS

The term “‘softeming point,” as used herein, refers to the
temperature at which the viscosity of the glass composition
is 1x107-° poise.
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The term “annealing point,” as used herein, refers to the
temperature at which the viscosity of the glass composition
is 1x10" poise.

The terms “strain pomnt” and “T_, .~ as used herein,
refers to the temperature at which the viscosity of the glass
composition is 3x10™ poise.

The term “CTE,” as used herein, refers to the coetflicient
of thermal expansion of the glass composition over a tem-
perature range from about room temperature (RT) to about
300° C.

In the embodiments of the glass compositions described
herein, the concentrations of constituent components (e.g.,
S10,, Al,O,, and the like) are specified in mole percent
(mol. %) on an oxide basis, unless otherwise specified.

The terms “free” and “‘substantially free,” when used to
describe the concentration and/or absence of a particular
constituent component 1 a glass composition, means that
the constituent component 1s not intentionally added to the
glass composition. However, the glass composition may
contain traces of the constituent component as a contaminant
or tramp 1 amounts of less than 0.01 mol. %.

The term “chemical durability,” as used herein, refers to
the ability of the glass composition to resist degradation
upon exposure to specified chemical conditions. Specifi-
cally, the chemical durability of the glass compositions
described herein was assessed according to three established
material testing standards: DIN 12116 dated March 2001
and entitled “Testing of glass—Resistance to attack by a
boiling aqueous solution of hydrochloric acid—Method of
test and classification™; ISO 695:1991 entitled “Glass—
Resistance to attack by a boiling aqueous solution of mixed
alkali—Method of test and classification™; and ISO 720:
1985 entitled “Glass—Hydrolytic resistance of glass grains
at 121 degrees C.—Method of test and classification.” The
chemical durability of the glass may also be assessed
according to ISO 719:1985 “Glass—Hydrolytic resistance
of glass grains at 98 degrees C.—Method of test and
classification,” 1n addition to the above referenced standards.
The ISO 719 standard 1s a less rigorous version of the ISO
720 standard and, as such, i1t 1s believed that a glass which
meets a specified classification of the ISO 720 standard will
also meet the corresponding classification of the ISO 719
standard. The classifications associated with each standard
are described in further detail herein.

Glass Compositions

Reference will now be made 1n detail to various embodi-
ments of pharmaceutical containers formed, at least in part,
of glass compositions which exhibit improved chemical and
mechanical durability and, 1n particular, improved resistance
to delamination. The glass compositions may also be chemi-
cally strengthened thereby imparting increased mechanical
durability to the glass. The glass compositions described
herein generally comprise silica (S10,), alumina (Al,O;),
alkaline earth oxides (such as MgO and/or CaQ), and alkali
oxides (such as Na,O and/or K,O) 1n amounts which impart
chemical durability to the glass composition. Moreover, the
alkali oxides present in the glass compositions facilitate
chemically strengthening the glass compositions by 1on
exchange. Various embodiments of the glass compositions
will be described herein and further illustrated with refer-
ence to specific examples.

The glass compositions described herein are alkali alu-
minosilicate glass compositions which generally include a
combination of S10,, Al,O,, at least one alkaline earth
oxide, and one or more alkali oxides, such as Na,O and/or
K,O. In some embodiments, the glass compositions may be
free from boron and compounds containing boron. The
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combination of these components enables a glass composi-
tion which 1s resistant to chemical degradation and 1s also
suitable for chemical strengthening by i1on exchange. In
some embodiments the glass compositions may further
comprise minor amounts of one or more additional oxides
such as, for example, SnO,, ZrO,, ZnO, T10,, As,O, or the
like. These components may be added as fining agents
and/or to further enhance the chemical durability of the glass
composition.

In the embodiments of the glass compositions described
herein S10, 1s the largest constituent of the composition and,
as such, 1s the primary constituent of the resulting glass
network. S10, enhances the chemical durability of the glass
and, 1n particular, the resistance of the glass composition to
decomposition in acid and the resistance of the glass com-
position to decomposition 1n water. Accordingly, a high S10,
concentration 1s generally desired. However, 11 the content
of S10, 1s too high, the formability of the glass may be
diminished as higher concentrations of S10, increase the
difficulty of melting the glass which, 1 turn, adversely
impacts the formability of the glass. In the embodiments
described herein, the glass composition generally comprises
S10, 1n an amount greater than or equal to 67 mol. % and
less than or equal to about 80 mol. % or even less than or
equal to 78 mol. %. In some embodiments, the amount of
S10, 1n the glass composition may be greater than about 68
mol. %, greater than about 69 mol. % or even greater than
about 70 mol. %. In some other embodiments, the amount of
S10, 1n the glass composition may be greater than 72 mol.
%, greater than 73 mol. % or even greater than 74 mol. %.
For example, 1n some embodiments, the glass composition
may include from about 68 mol. % to about 80 mol. % or
even to about 78 mol. % S10,. In some other embodiments
the glass composition may include from about 69 mol. % to
about 80 mol. % or even to about 78 mol. % S10,. In some
other embodiments the glass composition may include from
about 70 mol. % to about 80 mol. % or even to about 78 mol.
% S10,. In still other embodiments, the glass composition
comprises S10, 1 an amount greater than or equal to 70 mol.
% and less than or equal to 78 mol. %. In some embodi-
ments, S10, may be present 1n the glass composition 1n an
amount from about 72 mol. % to about 78 mol. %. In some
other embodiments, S10, may be present 1n the glass com-
position 1n an amount from about 73 mol. % to about 78 mol.
%. In other embodiments, S10, may be present 1n the glass
composition 1n an amount from about 74 mol. % to about 78
mol. %. In still other embodiments, S10, may be present in
the glass composition 1n an amount from about 70 mol. %
to about 76 mol. %.

The glass compositions described herein further include
Al,O;. Al,O;, 1 conjunction with alkali oxides present n
the glass compositions such as NaZO or the like, improves
the susceptibility of the glass to 1on exchange strengthening.
In the embodiments described herein, Al,O, 1s present 1n the
glass compositions 1 X mol. % while the alkali1 oxides are
present 1n the glass composition 1n Y mol. %. The ratio Y:X
in the glass compositions described herein 1s greater than 1
in order to facilitate the aforementioned Susceptlblhty to 1011
exchange strengtheming. Specifically, the diffusion coetl-
cient or diffusivity D of the glass composition relates to the
rate at which alkali ions penetrate into the glass surface
during 1on exchange. Glasses which have a ratio Y: X greater
than about 0.9 or even greater than about 1 have a greater
diffusivity than glasses which have a ratio Y:X less than 0.9.
(Glasses 1n which the alkali 1ons have a greater diffusivity can
obtain a greater depth of layer for a given 10on exchange time
and 1on exchange temperature than glasses in which the
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alkal1 10ons have a lower diflusivity. Moreover, as the ratio of
Y:X 1ncreases, the strain point, anneal point, and softening
point of the glass decrease, such that the glass 1s more
readily formable. In addition, for a given 10n exchange time
and 1on exchange temperature, 1t has been found that com-
pressive stresses mduced 1n glasses which have a ratio Y:X
greater than about 0.9 and less than or equal to 2 are
generally greater than those generated 1n glasses 1n which
the ratio Y:X 1s less than 0.9 or greater than 2. Accordingly,
in some embodiments, the ratio of Y:X 1s greater than 0.9 or
even greater than 1. In some embodiments, the ratio of Y:X
1s greater than 0.9, or even greater than 1, and less than or
equal to about 2. In still other embodiments, the ratio of Y:X
may be greater than or equal to about 1.3 and less than or
equal to about 2.0 1n order to maximize the amount of
compressive stress mduced 1n the glass for a specified 10n
exchange time and a specified 1on exchange temperature.

However, 11 the amount of Al,O, 1n the glass composition
1s too high, the resistance of the glass composition to acid
attack 1s diminished. Accordingly, the glass compositions
described herein generally include Al,O, in an amount
greater than or equal to about 2 mol. % and less than or equal
to about 10 mol. %. In some embodiments, the amount of
Al,O; 1n the glass composition 1s greater than or equal to
about 4 mol. % and less than or equal to about 8 mol. %. In
some other embodiments, the amount of Al,O; 1n the glass
composition 1s greater than or equal to about 5 mol. % to less
than or equal to about 7 mol. %. In some other embodiments,
the amount of Al,O; 1n the glass composition 1s greater than
or equal to about 6 mol. % to less than or equal to about 8
mol. %. In still other embodiments, the amount of Al,O; in
the glass composition 1s greater than or equal to about 5 mol.
% to less than or equal to about 6 mol. %.

The glass compositions also include one or more alkali
oxides such as Na,O and/or K,O. The alkal1 oxides facilitate
the 1on exchangeability of the glass composition and, as
such, facilitate chemically strengthening the glass. The
alkal1 oxide may include one or more of Na,O and K,O. The
alkal1 oxides are generally present 1n the glass composition
in a total concentration of Y mol. %. In some embodiments
described herein, Y may be greater than about 2 mol. % and
less than or equal to about 18 mol. %. In some other
embodiments, Y may be greater than about 8 mol. %, greater
than about 9 mol. %, greater than about 10 mol. % or even
greater than about 11 mol. %. For example, 1n some embodi-
ments described herein Y 1s greater than or equal to about 8
mol. % and less than or equal to about 18 mol. %. In still
other embodiments, Y may be greater than or equal to about
9 mol. % and less than or equal to about 14 mol. %.

The 10n exchangeability of the glass composition 1s
primarily imparted to the glass composition by the amount
of the alkali oxide Na,O mmtially present in the glass
composition prior to 1on exchange. Accordingly, in the
embodiments of the glass compositions described herein, the
alkal1 oxide present 1n the glass composition includes at least
Na,O. Specifically, in order to achieve the desired compres-
sive strength and depth of layer in the glass composition
upon 1on exchange strengthening, the glass compositions
include Na,O 1n an amount from about 2 mol. % to about 15
mol. % based on the molecular weight of the glass compo-
sition. In some embodiments the glass composition includes
at least about 8 mol. % of Na,O based on the molecular
welght of the glass composition. For example, the concen-
tration of Na,O may be greater than 9 mol. %, greater than
10 mol. % or even greater than 11 mol. %. In some
embodiments, the concentration of Na,O may be greater
than or equal to 9 mol. % or even greater than or equal to 10
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mol. %. For example, in some embodiments the glass
composition may include Na,O 1n an amount greater than or
equal to about 9 mol. % and less than or equal to about 15
mol. % or even greater than or equal to about 9 mol. % and
less than or equal to 13 mol. %.

As noted above, the alkali oxide 1n the glass composition
may further include K,O. The amount of K,O present 1n the
glass composition also relates to the 10n exchangeability of
the glass composition. Specifically, as the amount of K,O
present in the glass composition increases, the compressive
stress obtainable through 1on exchange decreases as a result
ol the exchange of potassium and sodium 10ns. Accordingly,
it 1s desirable to limit the amount of K,O present 1n the glass
composition. In some embodiments, the amount of K,O 1s
greater than or equal to 0 mol. % and less than or equal to
3 mol. %. In some embodiments, the amount of K,O 1s less
or equal to 2 mol. % or even less than or equal to 1.0 mol.
%. In embodiments where the glass composition 1ncludes
K,O, the K,O may be present 1n a concentration greater than
or equal to about 0.01 mol. % and less than or equal to about
3.0 mol. % or even greater than or equal to about 0.01 mol.
% and less than or equal to about 2.0 mol. %. In some
embodiments, the amount of K,O present in the glass
composition 1s greater than or equal to about 0.01 mol. %
and less than or equal to about 1.0 mol. %. Accordingly, 1t
should be understood that K,O need not be present in the
glass composition. However, when K,O 1s included 1n the
glass composition, the amount of K,O 1s generally less than
about 3 mol. % based on the molecular weight of the glass
composition.

The alkaline earth oxides present i the composition
improve the meltability of the glass batch materials and
increase the chemical durability of the glass composition. In
the glass compositions described herein, the total mol. % of
alkaline earth oxides present 1n the glass compositions is
generally less than the total mol. % of alkali oxides present
in the glass compositions in order to improve the 1on
exchangeability of the glass composition. In the embodi-
ments described herein, the glass compositions generally
include from about 3 mol. % to about 13 mol. % of alkaline
earth oxide. In some of these embodiments, the amount of
alkaline earth oxide 1n the glass composition may be from
about 4 mol. % to about 8 mol. % or even from about 4 mol.
% to about 7 mol. %.

The alkaline earth oxide 1n the glass composition may
include MgQO, CaO, SrO, BaO or combinations thereof. In
some embodiments, the alkaline earth oxide includes MgQO,
CaO or combinations thereof. For example, in the embodi-
ments described herein the alkaline earth oxide includes
MgO. MgO 1s present 1n the glass composition 1n an amount
which 1s greater than or equal to about 3 mol. % and less
than or equal to about 8 mol. % MgO. In some embodiments,
MgO may be present in the glass composition 1 an amount
which 1s greater than or equal to about 3 mol. % and less
than or equal to about 7 mol. % or even greater than or equal
to 4 mol. % and less than or equal to about 7 mol. % by
molecular weight of the glass composition.

In some embodiments, the alkaline earth oxide may
further include CaO. In these embodiments CaO 1s present
in the glass composition 1n an amount from about O mol. %
to less than or equal to 6 mol. % by molecular weight of the
glass composition. For example, the amount of CaO present
in the glass composition may be less than or equal to 5 mol.
%, less than or equal to 4 mol. %, less than or equal to 3 mol.
%, or even less than or equal to 2 mol. %. In some of these
embodiments, CaO may be present 1n the glass composition
in an amount greater than or equal to about 0.1 mol. % and
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less than or equal to about 1.0 mol. %. For example, CaO
may be present 1n the glass composition in an amount greater
than or equal to about 0.2 mol. % and less than or equal to
about 0.7 mol. % or even 1n an amount greater than or equal
to about 0.3 mol. % and less than or equal to about 0.6 mol.
%.

In the embodiments described herein, the glass composi-
tions are generally rich in MgO, (i.e., the concentration of
MgO 1n the glass composition 1s greater than the concen-
tration of the other alkaline earth oxides in the glass com-
position 1ncluding, without limitation, CaQO). Forming the
glass composition such that the glass composition 1s MgO-
rich improves the hydrolytic resistance of the resultant glass,
particularly following 1on exchange strengthening. More-
over, glass compositions which are MgO-rich generally
exhibit improved 10n exchange performance relative to glass
compositions which are rich in other alkaline earth oxides.
Specifically, glasses formed from MgO-rich glass composi-
tions generally have a greater diffusivity than glass compo-
sitions which are rich in other alkaline earth oxides, such as
CaO. The greater diffusivity enables the formation of a
deeper depth of layer in the glass. MgO-rich glass compo-
sitions also enable a higher compressive stress to be
achieved in the surface of the glass compared to glass
compositions which are rich i1n other alkaline earth oxides
such as CaO. In addition, 1t 1s generally understood that as
the 1on exchange process proceeds and alkali 1ons penetrate
more deeply into the glass, the maximum compressive stress
achieved at the surface of the glass may decrease with time.
However, glasses formed from glass compositions which are
MgO-rich exhibit a lower reduction in compressive stress
than glasses formed from glass compositions that are CaO-
rich or rich 1n other alkaline earth oxides (1.e., glasses which
are MgO-poor). Thus, MgO-rich glass compositions enable
glasses which have higher compressive stress at the surface
and greater depths of layer than glasses which are rich 1n
other alkaline earth oxides.

In order to fully realize the benefits of MgO 1n the glass
compositions described herein, it has been determined that
the ratio of the concentration of CaO to the sum of the

concentration of CaO and the concentration of MgO 1n mol.
% (1.e., (CaO/(Ca0+MgO)) should be minimized Specifi-

cally, 1t has been determined that (CaOQ/(CaO+MgQ)) should
be less than or equal to 0.5. In some embodiments (CaQ/
(CaO+MgQ)) 1s less than or equal to 0.3 or even less than
or equal to 0.2. In some other embodiments (CaO/(CaO+
MgQO)) may even be less than or equal to 0.1.

Boron oxide (B,0;) 1s a flux which may be added to glass
compositions to reduce the viscosity at a given temperature
(e.g., the strain, anneal and softening temperatures) thereby
improving the formabaility of the glass. However, 1t has been
found that additions of boron significantly decrease the
diffusivity of sodium and potassium ions in the glass com-
position which, 1n turn, adversely impacts the 1on exchange
performance of the resultant glass. In particular, 1t has been
found that additions of boron significantly increase the time
required to achieve a given depth of layer relative to glass
compositions which are boron free. Accordingly, in some
embodiments described herein, the amount of boron added
to the glass composition 1s minimized 1n order to 1mprove
the 10n exchange performance of the glass composition.

For example, it has been determined that the impact of
boron on the 10n exchange performance of a glass compo-
sition can be mitigated by controlling the ratio of the
concentration of B,0O, to the diflerence between the total
concentration of the alkali oxides (1.e., R,O, where R 1s the

alkal1 metals) and alumina (1.e., B,O,; (mol. %)/(R,O (mol.

10

15

20

25

30

35

40

45

50

55

60

65

16

%)-Al,0; (mol. %)). In particular, 1t has been determined
that when the ratio of B,0,/(R,0—Al,0,) 1s greater than or
equal to about 0 and less than about 0.3 or even less than
about 0.2, the diflusivities of alkali oxides in the glass
compositions are not diminished and, as such, the 1on
exchange performance of the glass composition 1s main-
tamned. Accordingly, in some embodiments, the ratio of
B,O,/(R,0—Al,O,) 1s greater than 0 and less than or equal
to 0.3. In some of these embodiments, the ratio of B,O,/
(R,O—Al,0;) 1s greater than O and less than or equal to 0.2.
In some embodiments, the ratio of B,O,/(R,0—Al,0O;) 1s
greater than 0 and less than or equal to 0.15 or even less than
or equal to 0.1. In some other embodiments, the ratio of
B,0O,/(R,0—Al,O,) may be greater than 0 and less than or
equal to 0.05. Maintaiming the ratio B,O,/(R,O—AIl,O;) to
be less than or equal to 0.3 or even less than or equal to 0.2
permits the inclusion of B,O, to lower the strain point,
anneal point and softening point of the glass composition
without the B,O, adversely impacting the 1on exchange
performance of the glass.

In the embodiments described herein, the concentration of
B,O, 1 the glass composition 1s generally less than or equal
to about 4 mol. %, less than or equal to about 3 mol. %, less
than or equal to about 2 mol. %, or even less than or equal
to 1 mol. %. For example, in embodiments where B,O; 1s
present in the glass composition, the concentration of B,O,
may be greater than about 0.01 mol. % and less than or equal
to 4 mol. %. In some of these embodiments, the concentra-
tion of B,O; may be greater than about 0.01 mol. % and less
than or equal to 3 mol. % In some embodiments, the B,O,
may be present 1n an amount greater than or equal to about
0.01 mol. % and less than or equal to 2 mol. %, or even less
than or equal to 1.5 mol. %. Alternatively, the B,O, may be
present 1n an amount greater than or equal to about 1 mol.
% and less than or equal to 4 mol. %, greater than or equal
to about 1 mol. % and less than or equal to 3 mol. % or even
greater than or equal to about 1 mol. % and less than or equal
to 2 mol. %. In some of these embodiments, the concentra-
tion of B,O, may be greater than or equal to about 0.1 mol.
% and less than or equal to 1.0 mol. %.

While 1n some embodiments the concentration of B,O; 1n
the glass composition 1s minimized to improve the forming
properties ol the glass without detracting from the 1on
exchange performance of the glass, in some other embodi-
ments the glass compositions are Iree from boron and
compounds of boron such as B,O;. Specifically, 1t has been
determined that forming the glass composition without
boron or compounds of boron improves the 1on exchange-
ability of the glass compositions by reducing the process
time and/or temperature required to achieve a specific value
of compressive stress and/or depth of layer.

In some embodiments of the glass compositions described
herein, the glass compositions are free from phosphorous
and compounds containing phosphorous including, without
limitation, P,O.. Specifically, it has been determined that
formulating the glass composition without phosphorous or
compounds of phosphorous 1ncreases the chemical durabil-
ity of the glass composition.

In addition to the S10,, Al,O,, alkali oxides and alkaline
carth oxides, the glass compositions described herein may
optionally further comprise one or more fining agents such
as, for example, SnO,, As,O;, and/or CI™ (Irom NaCl or the
like). When a fining agent i1s present 1n the glass composi-
tion, the fining agent may be present in an amount less than
or equal to about 1 mol. % or even less than or equal to about
0.4 mol. %. For example, 1n some embodiments the glass
composition may include SnO, as a fining agent. In these
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embodiments SnO., may be present in the glass composition
in an amount greater than about O mol. % and less than or
equal to about 1 mol. % or even an amount greater than or

equal to about 0.01 mol. % and less than or equal to about
0.30 mol. %.

Moreover, the glass compositions described herein may
comprise one or more additional metal oxides to further
improve the chemical durability of the glass composition.
For example, the glass composition may further include
/n0O, T10,, or Zr0,, each of which further improves the
resistance of the glass composition to chemical attack. In
these embodiments, the additional metal oxide may be
present 1n an amount which 1s greater than or equal to about
0 mol. % and less than or equal to about 2 mol. %. For
example, when the additional metal oxide 1s ZnO, the ZnO
may be present 1n an amount greater than or equal to 1 mol.
% and less than or equal to about 2 mol. %. When the
additional metal oxide 1s ZrO, or T10,, the ZrO, or Ti0,

may be present 1n an amount less than or equal to about 1
mol. %.

Based on the foregoing, 1t should be understood that, 1n a
first exemplary embodiment, a glass composition may
include: S10, 1n a concentration greater than about 70 mol.
% and Y mol. % alkal1 oxide. The alkal1 oxide may 1nclude
Na,O 1n an amount greater than about 8 mol. %. The glass
composition may be free of boron and compounds of boron.
The concentration of S10, 1n this glass composition may be
greater than or equal to about 72 mol. %, greater than 73
mol. % or even greater than 74 mol. %. The glass compo-
sition of this first exemplary embodiment may be free from
phosphorous and compounds of phosphorous. The glass
composition may also include X mol. % Al,O,. When Al,O,
1s 1ncluded, the ratio of Y:X may be greater than 1. The
concentration of Al,O, may be greater than or equal to about
2 mol. % and less than or equal to about 10 mol. %.

The glass composition of this first exemplary embodiment
may also include alkaline earth oxide in an amount from
about 3 mol. % to about 13 mol. %. The alkaline earth oxide
may include MgO and CaO. The CaO may be present 1n an
amount greater than or equal to about 0.1 mol. % and less
than or equal to about 1.0 mol. %. A ratio (CaO (mol.
%)/(Ca0 (mol. %)+MgO (mol. %))) may be less than or
equal to 0.3.

In a second exemplary embodiment, a glass composition
may include: greater than about 68 mol. % S10,; X mol. %
Al,O4; Y mol. % alkali oxide; and B,O,. The alkali oxide
may include Na,O 1n an amount greater than about 8 mol %.
A ratio (B,O, (mol. %)/(Y mol. %-X mol. %) may be
greater than O and less than 0.3. The concentration of 510,
in this glass composition may be greater than or equal to
about 72 mol. %, greater than 73 mol. % or even greater than
74 mol. %. The concentration of Al,O, may be greater than
or equal to about 2 mol. % and less than or equal to about
10 mol. %. In this second exemplary embodiment, the ratio
of Y:X may be greater than 1. When the ratio of Y:X 1s
greater than 1, an upper bound of the ratio of Y:X may be
less than or equal to 2. The glass composition of this first
exemplary embodiment may be free from phosphorous and
compounds of phosphorous.

The glass composition of this second exemplary embodi-
ment may also include alkaline earth oxide. The alkaline
carth oxide may include MgO and CaO. The CaO may be
present 1n an amount greater than or equal to about 0.1 mol.
% and less than or equal to about 1.0 mol. %. A ratio (CaO
(mol. %)/(Ca0 (mol. %)+MgO (mol. %))) may be less than

or equal to 0.5.
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The concentration of B,O; 1n this second exemplary
embodiment may be greater than or equal to about 0.01 mol.
% and less than or equal to about 4 mol. %.

In a third exemplary embodiment, a glass article may have
a type HgB1 hydrolytic resistance according to ISO 719.
The glass article may include greater than about 8 mol. %
Na,O and less than about 4 mol. % B,O,. The glass article
may further comprise X mol. % Al,O; and Y mol. % alkali
oxide. The ratio (B,O, (mol. %)/(Y mol. %-X mol. %) may
be greater than O and less than 0.3. The glass article of this
third exemplary embodiment may further include a com-
pressive stress layer having a surface compressive stress
greater than or equal to about 250 MPa. The glass article
may also have at least a class S3 acid resistance according
to DIN 12116; at least a class A2 base resistance according
to ISO 695; and a type HgA1l hydrolytic resistance accord-
g to ISO 720.

In a fourth exemplary embodiment, a glass pharmaceuti-
cal package may include S10, 1 an amount greater than
about 70 mol. %; X mol. % Al,O;; and Y mol. % alkali
oxide. The alkali oxide may include Na,O in an amount
greater than about 8 mol. %. A ratio of a concentration of
B,O, (mol. %) 1n the glass pharmaceutical package to (Y
mol. %—-X mol. %) may be less than 0.3. The glass phar-
maceutical package may also have a type HGB1 hydrolytic
resistance according to ISO 719. The concentration of S10,
in the glass pharmaceutical package of this fourth exemplary
embodiment may be greater than or equal to 72 mol. % and
less than or equal to about 78 mol. % or even greater than
74 mol. % and less than or equal to about 78 mol. %. The
concentration of Al,O; 1n the glass pharmaceutical may be
greater than or equal to about 4 mol. % and less than or equal
to about 8 mol. %. A ratio of Y:X may be greater than 1 and
less than 2.

The glass pharmaceutical package of this fourth exem-
plary embodiment may also include alkaline earth oxide in
an amount from about 4 mol. % to about 8 mol. %. The
alkaline earth oxide may include MgO and CaO. The CaO
may be present 1n an amount greater than or equal to about
0.2 mol. % and less than or equal to about 0.7 mol. %. Aratio
(CaO (mol. %)/(Ca0 (mol. %)+MgO (mol. %))) may be less
than or equal to 0.5. The glass pharmaceutical package of
this fourth exemplary embodiment may have a type HGAI
hydrolytic resistance according to ISO 720.

In a fifth exemplary embodiment, a glass composition
may include from about 70 mol. % to about 80 mol. % S10,;
from about 3 mol. % to about 13 mol. % alkaline earth oxide;
X mol. % Al,O,; and Y mol. % alkali oxide. The alkali oxide
may include Na,O 1n an amount greater than about 8 mol.
%. A ratio of Y:X may be greater than 1. The glass compo-
sition may be free of boron and compounds of boron.

In a sixth exemplary embodiment, a glass composition
may include from about 68 mol. % to about 80 mol. % S10,;
from about 3 mol. % to about 13 mol. % alkaline earth oxide;
X mol. % Al,O;; and Y mol. % alkali oxide. The alkali oxide
may include Na,O 1n an amount greater than about 8 mol.
%. The glass composition of this sixth exemplary embodi-
ment may also include B,O5. Aratio (B,O, (mol. %)/(Y mol.
%-X mol. %) may be greater than O and less than 0.3. A ratio
of Y:X may be greater than 1.

In a seventh exemplary embodiment, a glass composition
may include from about 70 mol. % to about 80 mol. % S10,;
from about 3 mol. % to about 13 mol. % alkaline earth oxide;
X mol. % Al,O;; and Y mol. % alkali oxide. The amount of
Al,O; 1n the glass composition may be greater than or equal
to about 2 mol. % and less than or equal to about 10 mol. %.
The alkaline earth oxide may include CaO 1n an amount
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greater than or equal to about 0.1 mol. % and less than or
equal to about 1.0 mol. %. The alkali oxide may include
from about 0.01 mol. % to about 1.0 mol. % K,O. A ratio of
Y:X may be greater than 1. The glass composition may be
free of boron and compounds of boron. The glass compo-
sition may be amenable to strengthening by 10n exchange.

In a seventh exemplary embodiment, a glass composition
may 1nclude S10, 1n an amount greater than about 70 mol.
% and less than or equal to about 80 mol. %; X mol. %
Al,O;; and Y mol. % alkali oxide. The alkali oxide may
include Na,O 1n an amount greater than about 8 mol. %. A
ratio of a concentration of B,O; (mol. %) in the glass
pharmaceutical package to (Y mol. %-X mol. %) may be
less than 0.3. A ratio of Y:X may be greater than 1.

In an eighth exemplary embodiment, a glass composition
may 1nclude from about 72 mol. % to about 78 mol. % S10,;
from about 4 mol. % to about 8 mol. % alkaline earth oxide;:
X mol. % Al,O,, wherein X 1s greater than or equal to about
4 mol. % and less than or equal to about 8 mol. %; and Y
mol. % alkali oxide, wherein the alkali oxide comprises
Na,O 1n an amount greater than or equal to about 9 mol. %
and less than or equal to about 15 mol. %. A ratio of a
concentration ot B,O, (mol. %) 1n the glass pharmaceutical
package to (Y mol. %—-X mol. %) 1s less than 0.3. A ratio of
Y:X may be greater than 1.

In a ninth exemplary embodiment, a pharmaceutical pack-
age for containing a pharmaceutical composition may
include from about 70 mol. % to about 78 mol. % S10,,; from
about 3 mol. % to about 13 mol. % alkaline earth oxide; X
mol. % Al,O,, wherein X 1s greater than or equal to 2 mol.
% and less than or equal to about 10 mol. %; and Y mol. %
alkal1 oxide, wherein the alkali oxide comprises Na,O 1n an
amount greater than about 8 mol. %. The alkaline earth
oxide may include CaO 1n an amount less than or equal to
about 6.0 mol. %. A ratio of Y:X may be greater than about
1. The package may be free of boron and compounds of
boron and may include a compressive stress layer with a
compressive stress greater than or equal to about 250 MPa
and a depth of layer greater than or equal to about 10 um.

In a tenth exemplary embodiment, a glass article may be
formed from a glass composition comprising from about 70
mol. % to about 78 mol. % $10,; alkaline earth oxide,
wherein the alkaline earth oxide comprises MgO and CaO
and a ratio (CaO (mol. %)/(CaO (mol. %)+MgO (mol. %)))
1s less than or equal to 0.5; X mol. % Al,O,, wherein X 1s
from about 2 mol. % to about 10 mol. %; and Y mol. % alkal1
oxide, wherein the alkali oxide comprises Na,O 1n an
amount greater than about 8 mol. % and a ratio of Y:X 1s
greater than 1. The glass article may be 1on exchange
strengthened with a compressive stress greater than or equal
to 250 MPa and a depth of layer greater than or equal to 10
um. The glass article may have a type HgAl hydrolytic
resistance according to ISO 720.

As noted above, the presence of alkali oxides 1n the glass
composition facilitates chemically strengthening the glass
by 10n exchange. Specifically, alkali 1ons, such as potassium
ions, sodium 10ons and the like, are sufliciently mobile 1n the
glass to facilitate 1on exchange. In some embodiments, the
glass composition 1s 1on exchangeable to form a compres-
s1ve stress layer having a depth of layer greater than or equal
to 10 um. In some embodiments, the depth of layer may be
greater than or equal to about 25 um or even greater than or
equal to about 50 um. In some other embodiments, the depth
of the layer may be greater than or equal to 75 um or even
greater than or equal to 100 um. In still other embodiments,
the depth of layer may be greater than or equal to 10 um and
less than or equal to about 100 um. The associated surface
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compressive stress may be greater than or equal to about 250
MPa, greater than or equal to 300 MPa or even greater than
or equal to about 350 MPa after the glass composition 1s
treated 1n a salt bath of 100% molten KNO; at a temperature
of 350° C. to 300° C. for a time period of less than about 30
hours or even about less than 20 hours.

The glass articles formed from the glass compositions
described herein may have a hydrolytic resistance of HGB2
or even HGB1 under ISO 719 and/or a hydrolytic resistance
of HGA2 or even HGA1 under ISO 720 (as described further
herein) 1n addition to having improved mechanical charac-
teristics due to 10n exchange strengthening. In some embodi-
ments described herein the glass articles may have compres-
sive stresses which extend from the surface into the glass
article to a depth of layer greater than or equal to 10 um,
greater than or equal to 15 um, greater than or equal to 20
um, greater than or equal to 25 um, greater than or equal to
30 um or even greater than or equal to 35 um. In some
embodiments, the depth of layer may be greater than or
equal to 40 um or even greater than or equal to 50 um. The
surface compressive stress of the glass article may be greater
than or equal to 150 MPa, greater than or equal to 200 MPa,
greater than or equal to 250 MPa, greater than or equal to
350 MPa, or even greater than or equal to 400 MPa.

In one embodiment, the glass pharmaceutical container
has a compressive stress greater than or equal to 150 MPa
and a depth of layer greater than or equal to 10 um, 15 pum,
20 um, 25 um, 30 um, 35 um, 40 um, 45 um or 50 um. In
a particular embodiment, the glass pharmaceutical container
has a compressive stress greater than or equal to 150 MPa
and a depth of layer greater than or equal to 10 um. In a
particular embodiment, the glass pharmaceutical container
has a compressive stress greater than or equal to 150 MPa
and a depth of layer greater than or equal to 25 um. In a
particular embodiment, the glass pharmaceutical container
has a compressive stress greater than or equal to 150 MPa
and a depth of layer greater than or equal to 30 um.

In one embodiment, the glass pharmaceutical container
has a compressive stress greater than or equal to 300 MPa
and a depth of layer greater than or equal to 10 um, 15 pum,
20 um, 25 um, 30 um, 35 um, 40 um, 45 um or 50 um. In
a particular embodiment, the glass pharmaceutical container
has a compressive stress greater than or equal to 300 MPa
and a depth of layer greater than or equal to 25 um. In yet
another embodiment, the glass pharmaceutical container has
a compressive stress greater than or equal to 300 MPa and
a depth of layer greater than or equal to 30 um. In yet another
embodiment, the glass pharmaceutical container has a com-
pressive stress greater than or equal to 300 MPa and a depth
of layer greater than or equal to 35 um.

The glass compositions described herein facilitate achiev-
ing the aforementioned depths of layer and surface com-
pressive stresses more rapidly and/or at lower temperatures
than conventional glass compositions due to the enhanced
alkal1 1on diffusivity of the glass compositions as described
heremnabove. For example, the depths of layer (1.e., greater
than or equal to 25 um) and the compressive stresses (1.€.,
greater than or equal to 250 MPa) may be achieved by 1on
exchanging the glass article 1n a molten salt bath of 100%
KNO, (or a mixed salt bath of KNO, and NaNQ,) for a time
period of less than or equal to 3 hours or even less than or
equal to 4.5 hours. In some embodiments, these depths of
layer and compressive stresses may be achieved by 1on
exchanging the glass article 1n a molten salt bath of 100%
KNO, (or a mixed salt bath of KNO, and NaNQO,) for a time
period of less than or equal to 4 hours or even less than or
equal to 3.5 hours. Moreover, these depths of layers and
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compressive stresses may be achieved by 1on exchanging the
glass articles 1n a molten salt bath of 100% KNO3 (or a
mixed salt bath of KNO, and NaNO,) at a temperature less
than or equal to 500° C. or even less than or equal to 450°
C. In some embodiments, these depths of layers and com-
pressive stresses may be achieved by 1on exchanging the
glass articles 1n a molten salt bath of 100% KNO3 (or a
mixed salt bath of KNO, and NaNO,) at a temperature less
than or equal to 400° C. or even less than or equal to 350°
C.

These mmproved 1on exchange characteristics can be
achieved when the glass composition has a threshold diffu-
sivity of greater than about 16 um*/hr or even greater than
or equal to 20 um*/hr at 450° C. In some embodiments, the
threshold diffusivity may be greater than or equal to about 25
um?/hr or even 30 um*/hr at 450° C. In some other embodi-
ments, the threshold diffusivity may be greater than or equal
to about 35 um*/hr or even 40 um~>/hr at 450° C. In still other
embodiments, the threshold diffusivity may be greater than
or equal to about 45 um*/hr or even 50 um>/hr at 450° C.

The glass compositions described herein may generally
have a strain point greater than or equal to about 525° C. and
less than or equal to about 650° C. The glasses may also
have an anneal point greater than or equal to about 560° C.
and less than or equal to about 725° C. and a softening point
greater than or equal to about 750° C. and less than or equal
to about 960° C.

In the embodiments described herein the glass composi-
tions have a CTE of less than about 70x10~"K™" or even less
than about 60x10~’K~". These lower CTE values improve
the survivability of the glass to thermal cycling or thermal
stress conditions relative to glass compositions with higher
CTE:s.

Further, as noted hereinabove, the glass compositions are
chemically durable and resistant to degradation as deter-

mined by the DIN 12116 standard, the ISO 695 standard,
and the ISO 720 standard.

Specifically, the DIN 12116 standard 1s a measure of the
resistance of the glass to decomposition when placed 1n an
acidic solution. In brief, the DIN 12116 standard utilizes a
polished glass sample of a known surface area which 1s
weighed and then positioned 1n contact with a proportional
amount of boiling 6M hydrochloric acid for 6 hours. The
sample 1s then removed from the solution, dried and
weighed again. The glass mass lost during exposure to the
acidic solution 1s a measure of the acid durability of the
sample with smaller numbers indicative of greater durabil-
ity. The results of the test are reported 1n units of half-mass
per surface area, specifically mg/dm*. The DIN 12116
standard 1s broken into individual classes. Class 51 indicates
weight losses of up to 0.7 mg/dm?; Class S2 indicates weight
losses from 0.7 mg/dm?* up to 1.5 mg/dm?; Class S3 indi-
cates weight losses from 1.5 mg/dm” up to 15 mg/dm?; and
Class S4 indicates weight losses of more than 15 mg/dm~.

The ISO 695 standard 1s a measure of the resistance of the
glass to decomposition when placed 1n a basic solution. In
briet, the ISO 695 standard utilizes a polished glass sample
which 1s weighed and then placed 1n a solution of boiling 1M
NaOH+0.5M Na,CO, for 3 hours. The sample i1s then
removed from the solution, dried and weighed again. The
glass mass lost during exposure to the basic solution 1s a
measure of the base durability of the sample with smaller
numbers indicative of greater durability. As with the DIN
12116 standard, the results of the ISO 695 standard are
reported 1n units of mass per surface area, specifically
mg/dm*. The ISO 695 standard is broken into individual
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mg/dm?; Class A2 indicates weight losses from 75 mg/dm”~
up to 175 mg/dm?; and Class A3 indicates weight losses of
more than 175 mg/dm”.

The ISO 720 standard 1s a measure of the resistance of the
glass to degradation 1n purified, CO,-free water. In briet, the
ISO 720 standard protocol utilizes crushed glass grains
which are placed 1n contact with the purified, CO,-Iree water
under autoclave conditions (121° C., 2 atm) for 30 minutes.
The solution 1s then titrated colorimetrically with dilute HCI
to neutral pH. The amount of HCI required to titrate to a
neutral solution 1s then converted to an equivalent of Na,O
extracted from the glass and reported 1n ug Na,O per weight
of glass with smaller values 1indicative of greater durability.
The ISO 720 standard 1s broken into idividual types. Type
HGATI 1s indicative of up to 62 ug extracted equivalent of
Na,O per gram of glass tested; Type HGAZ2 1s indicative of
more than 62 ug and up to 527 ug extracted equivalent of
Na,O per gram of glass tested; and Type HGA3 1s indicative
of more than 527 ug and up to 930 g extracted equivalent
of Na,O per gram of glass tested.

The ISO 719 standard 1s a measure of the resistance of the
glass to degradation 1n purified, CO,-1ree water. In briet, the
ISO 719 standard protocol utilizes crushed glass grains
which are placed in contact with the purified, CO,-free water
at a temperature of 98° C. at 1 atmosphere for 30 minutes.
The solution 1s then titrated colorimetrically with dilute HCI
to neutral pH. The amount of HCI required to titrate to a
neutral solution 1s then converted to an equivalent of Na,O
extracted from the glass and reported 1n ug Na,O per weight
of glass with smaller values indicative of greater durability.
The ISO 719 standard 1s broken into individual types. The
ISO 719 standard 1s broken into individual types. Type
HGBI1 i1s indicative of up to 31 ug extracted equivalent of
Na,O; Type HGB2 1s indicative of more than 31 ug and up
to 62 ng extracted equivalent of Na,O; Type HGB3 1s
indicative of more than 62 ug and up to 264 ug extracted
equivalent of Na,O; Type HGB4 1s indicative of more than
264 ug and up to 620 ug extracted equivalent of Na,O; and
Type HGBS 1s indicative of more than 620 ug and up to 1085
g extracted equivalent of Na,O. The glass compositions
described herein have an ISO 719 hydrolytic resistance of
type HGB2 or better with some embodiments having a type
HGB1 hydrolytic resistance.

The glass compositions described herein have an acid
resistance of at least class S3 according to DIN 12116 both
before and after 1on exchange strengtheming with some
embodiments having an acid resistance of at least class S2
or even class S1 following 10n exchange strengthening. In
some other embodiments, the glass compositions may have
an acid resistance of at least class S2 both before and after
ion exchange strengthening with some embodiments having
an acid resistance of class S1 following 1on exchange
strengthening. Further, the glass compositions described
herein have a base resistance according to ISO 695 of at least
class A2 before and after 1on exchange strengthening with
some embodiments having a class Al base resistance at least
alter 1on exchange strengtheming. The glass compositions
described herein also have an ISO 720 type HGAZ2 hydro-
lytic resistance both before and after 10n exchange strength-
cning with some embodiments having a type HGA1 hydro-
lytic resistance after 1on exchange strengthening and some
other embodiments having a type HGA1 hydrolytic resis-
tance both before and after 1on exchange strengthening. The
glass compositions described herein have an ISO 719 hydro-
lytic resistance of type HGB2 or better with some embodi-
ments having a type HGBI1 hydrolytic resistance. It should
be understood that, when referring to the above referenced
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classifications according to DIN 12116, ISO 695, ISO 720
and ISO 719, a glass composition or glass article which has
“at least” a specified classification means that the perfor-
mance of the glass composition 1s as good as or better than
the specified classification. For example, a glass article
which has a DIN 12116 acid resistance of “at least class S2”
may have a DIN 12116 classification of either S1 or S2.

The glass compositions described herein are formed by
mixing a batch of glass raw materials (e.g., powders ot S10.,,
Al,O,, alkal1 oxides, alkaline earth oxides and the like) such
that the batch of glass raw materials has the desired com-
position. Therealiter, the batch of glass raw matenals 1s
heated to form a molten glass composition which 1s subse-
quently cooled and solidified to form the glass composition.
During solidification (1.e., when the glass composition 1s
plastically deformable) the glass composition may be shaped
using standard forming techniques to shape the glass com-
position mnto a desired final form. Alternatively, the glass
article may be shaped into a stock form, such as a sheet, tube
or the like, and subsequently reheated and formed into the
desired final form.

In order to assess the long-term resistance of the glass
container to delamination, an accelerated delamination test
was utilized. The test 1s performed on glass containers after
the containers have been 1on-exchange strengthened. The
test consisted of washing the glass container at room tem-
perature for 1 minute and depyrogenating the container at
about 320° C. for 1 hour. Thereafter a solution of 20 mM
glycine with a pH of 10 in water 1s placed 1n the glass
container to 80-90% fill, the glass container 1s closed, and
rapidly heated to 100° C. and then heated from 100° C. to
121° C. at a ramp rate of 1 deg/min at a pressure of 2
atmospheres. The glass container and solution are held at
this temperature for 60 minutes, cooled to room temperature
at a rate of 0.5 deg./min and the heating cycle and hold are
repeated. The glass container 1s then heated to 50° C. and
held for two days for elevated temperature conditioning.
After heating, the glass container 1s dropped from a distance
of at least 18" onto a firm surface, such as a laminated tile
floor, to dislodge any flakes or particles that are weakly
adhered to the inner surface of the glass container.

Thereafter, the solution contained 1n the glass container 1s
analyzed to determine the number of glass particles present
per liter of solution. Specifically, the solution from the glass
container 1s directly poured onto the center of a Millipore

Isopore Membrane filter (Millipore #ATTP02500 held 1n an
assembly with parts #AP1002500 and #MO00023A0)

attached to vacuum suction to draw the solution through the
filter within 10-15 seconds. Particulate flakes are then
counted by differential interference contrast microscopy
(DIC) 1n the reflection mode as described 1in “Diflerential
interference contrast (DIC) microscopy and modulation con-
trast microscopy”’ from Fundamentals of light microscopy
and digital imaging. New York: Wiley-Liss, pp 153-168. The
field of view 1s set to approximately 1.5 mmx1.5 mm and
particles larger than 50 microns are counted manually. There
are 9 such measurements made in the center of each filter
membrane 1n a 3x3 pattern with no overlap between 1images.
A minimum of 100 ml of solution 1s tested. As such, the
solution from a plurality of small containers may be pooled
to bring the total amount of solution to 100 mL. If the
containers contain more than 10 mL of solution, the entire
amount of solution from the container 1s examined for the
presence of particles. For containers having a volume greater
than 10 mL containers, the test 1s repeated for a trial of 10
containers formed from the same glass composition under
the same processing conditions and the result of the particle
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count 1s averaged for the 10 containers to determine an
average particle count. Alternatively, in the case of small
containers, the test 1s repeated for a trial of 10 sets of 10 mL
ol solution, each of which 1s analyzed and the particle count
averaged over the 10 sets to determine an average particle
count. Averaging the particle count over multiple containers
accounts for potential variations in the delamination behav-
1ior of individual containers.

It should be understood that the aforementioned test 1s
used to identify particles which are shed from the interior
wall(s) of the glass container due to delamination and not
tramp particles present in the container from forming pro-
cesses or particles which precipitate from the solution
enclosed 1n the glass container as a result of reactions
between the solution and the glass. Specifically, delamina-
tion particles may be differentiated from tramp glass par-
ticles due based on the aspect ratio of the particle (i.e., the
ratio of the width of the particle to the thickness of the
particle). Delamination produces particulate tlakes or lamel-
laec which are 1rregularly shaped and are typically >50 um 1n
diameter but often >200 um. The thickness of the flakes 1s
usually greater than about 100 nm and may be as large as
about 1 um. Thus, the minimum aspect ratio of the flakes 1s
typically >50. The aspect ratio may be greater than 100 and
sometimes greater than 1000. Particles resulting from
delamination processes generally have an aspect ratio which
1s generally greater than about 50. In contrast, tramp glass
particles will generally have a low aspect ratio which 1s less
than about 3. Accordingly, particles resulting from delami-
nation may be differentiated from tramp particles based on
aspect ratio during observation with the microscope. Vali-
dation results can be accomplished by evaluating the heel
region of the tested containers. Upon observation, evidence
of skin corrosion/pitting/tflake removal, as described 1n
“Nondestructive Detection of Glass Vial Inner Surface Mor-
phology with Differential Interference Contrast Micros-
copy’ Irom Journal of Pharmaceutical Sciences 101(4),
2012, pages 1378-1384, 1s noted.

In the embodiments described herein, glass containers
which average less than 3 glass particles with a minimum
width of 50 um and an aspect ratio of greater than 50 per trial
tollowing accelerated delamination testing are considered to
have a delamination factor of 3. In the embodiments
described herein, glass containers which average less than 2
glass particles with a mimimum width of 50 um and an aspect
ratio ol greater than 50 per trial following accelerated
delamination testing are considered to have a delamination
factor of 2. In the embodiments described herein, glass
containers which average less than 1 glass particle with a
minimum width of 50 um and an aspect ratio of greater than
50 per tnial following accelerated delamination testing are
considered to have a delamination factor of 1. In the
embodiments described herein, glass containers which have
0 glass particles with a minimum width of 50 um and an
aspect ratio of greater than 50 per trial following accelerated
delamination testing are considered to have a delamination
factor of 0. Accordingly, it should be understood that the
lower the delamination factor, the better the resistance of the
glass container to delamination. In the embodiments
described herein, the glass containers have a delamination
factor of 3 or lower (1.e., a delamination factor of 3, 2, 1 or
0).

Pharmaceutical Containers

In view of the chemical durability of the glass composi-
tion ol the present invention, the glass compositions
described herein are particularly well suited for use in
designing pharmaceutical containers for storing, maintain-
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ing and/or delivering pharmaceutical compositions, such as
liquads, solutions, powders, e.g., lyophilized powders, solids
and the like. As used herein, the term ““pharmaceutical
container” refers to a composition designed to store, main-
tain and/or deliver a pharmaceutical composition. The phar- 53
maceutical containers, as described herein, are formed, at
least 1n part, of the delamination resistant glass compositions
described above. Pharmaceutical containers of the present
invention include, but are not limited to, Vacutainers™
cartridges, syringes, ampoules, bottles, tlasks, phials, tubes, 10
beakers, vials, mjection pens or the like. In a particular
embodiment, the pharmaceutical container 1s a vial. In a
particular embodiment, the pharmaceutical container i1s an
ampoule. In a particular embodiment, the pharmaceutical
container 1s an 1njection pen. In a particular embodiment, the 15
pharmaceutical container 1s a tube. In a particular embodi-
ment, the pharmaceutical container 1s a bottle. In a particular
embodiment, the pharmaceutical container i1s a syringe.

Moreover, the ability to chemically strengthen the glass
compositions through ion exchange can be utilized to 20
improve the mechanical durability of pharmaceutical con-
tainers formed from the glass composition. Accordingly, it
should be understood that, 1n at least one embodiment, the
glass compositions are incorporated in a pharmaceutical
container 1n order to improve the chemical durability and/or 25
the mechanical durability of the pharmaceutical container.
Pharmaceutical Compositions

In various embodiments, the pharmaceutical container
turther includes a pharmaceutical composition comprising
an active pharmaceutical ingredient (API). As used herein, 30
the term “pharmaceutical composition™ refers to a compo-
sition comprising an active pharmaceutical ingredient to be
delivered to a subject, for example, for therapeutic, prophy-
lactic, diagnostic, preventative or prognostic eflect. In cer-
tain embodiments, the pharmaceutical composition com- 35
prises the active pharmaceutical 1ingredient and a
pharmaceutically acceptable carrier. As used herein, “phar-
maceutically acceptable carrier” includes any and all sol-
vents, dispersion media, coatings, antibacterial and antifun-
gal agents, 1sotonic and absorption delaying agents, and the 40
like that are physiologically compatible. Examples of phar-
maceutically acceptable carriers include one or more of
water, saline, phosphate buflered saline, dextrose, glycerol,
ethanol and the like, as well as combinations thereof. In
many cases, 1t may be preferable to include isotonic agents, 45
for example, sugars, polyalcohols such as manmtol, sorbitol,
or sodium chloride 1n the composition. Pharmaceutically
acceptable carriers may further comprise minor amounts of
auxiliary substances such as wetting or emulsifying agents,
preservatives or buflers, which enhance the shelf life or 50
ellectiveness of the active pharmaceutical agent.

As used herein, the term “active pharmaceutical ingredi-
ent” or “API” refers a substance in a pharmaceutical com-
position that provides a desired effect, for example, a thera-
peutic, prophylactic, diagnostic, preventative or prognostic 55
cllect. In various embodiments, the active pharmaceutical
ingredient can be any of a variety of substances known 1n the
art, for example, a small molecule, a polypeptide mimetic, a
biologic, an antisense RNA, a small interfering RNA
(siRNA), etc. 60

For example, in a particular embodiment, the active
pharmaceutical ingredient may be a small molecule. As used
herein, the term “small molecule” includes any chemical or
other moiety, other than polypeptides and nucleic acids, that
can act to aflect biological processes. Small molecules can 65
include any number of therapeutic agents presently known
and used, or that can be synthesized from a library of such
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molecules for the purpose of screening for biological func-
tion(s). Small molecules are distinguished from macromol-
ecules by size. The small molecules of the present invention
usually have a molecular weight less than about 5,000
daltons (Da), preferably less than about 2,500 Da, more
preferably less than 1,000 Da, most preferably less than
about 500 Da.

Small molecules include, without limitation, organic
compounds, peptidomimetics and conjugates thereof. As
used herein, the term “organic compound” refers to any
carbon-based compound other than macromolecules such as
nucleic acids and polypeptides. In addition to carbon,
organic compounds may contain calcium, chlorine, fluorine,
copper, hydrogen, 1ron, potassium, nitrogen, oxygen, sulfur
and other elements. An organic compound may be in an
aromatic or aliphatic form. Non-limiting examples of
organic compounds include acetones, alcohols, anilines,
carbohydrates, monosaccharides, oligosaccharides, polysac-
charides, amino acids, nucleosides, nucleotides, lipids, ret-
inoids, steroids, proteoglycans, ketones, aldehydes, satu-
rated, unsaturated and polyunsaturated fats, o1ls and waxes,
alkenes, esters, ethers, thiols, sulfides, cyclic compounds,
heterocyclic compounds, i1midizoles, and phenols. An
organic compound as used herein also includes nitrated
organic compounds and halogenated (e.g., chlornated)
organic compounds.

In another embodiment, the active pharmaceutical ingre-
dient may be a polypeptide mimetic (“peptidomimetic™). As
used herein, the term “polypeptide mimetic” 1s a molecule
that mimics the biological activity of a polypeptide, but that
1s not peptidic 1n chemical nature. While, in certain embodi-
ments, a peptidomimetic 1s a molecule that contains no
peptide bonds (that 1s, amide bonds between amino acids),
the term peptidomimetic may include molecules that are not
completely peptidic in character, such as pseudo-peptides,
semi-peptides, and peptoids.

In other embodiments, the active pharmaceutical ingre-
dient may be a biologic. As used herein, the term “biologic”
includes products created by biologic processes instead of
by chemical synthesis. Non-limiting examples of a “bio-
logic™ include proteins, antibodies, antibody like molecules,
vaccines, blood, blood components, and partially purified
products from tissues.

The terms “‘peptide,” “polypeptide,” and “protein™ are
used interchangeably herein. In the present mnvention, these
terms mean a linked sequence of amino acids, which may be
natural, synthetic, or a modification or combination of
natural and synthetic. The term includes antibodies, anti-
body mimetics, domain antibodies, lipocalins, and targeted
proteases. The term also includes vaccines contaiming a
peptide or peptide fragment intended to raise antibodies
against the peptide or peptide fragment.

“Antibody” as used herein includes an antibody of classes
IeG, IgM, IgA, IgD, or IgE, or fragments or derivatives
thereof, including Fab, F(ab")2, Fd, and single chain anti-
bodies, diabodies, bispecific antibodies, and bifunctional
antibodies. The antibody may be a monoclonal antibody,
polyclonal antibody, athnity purified antibody, or mixtures
thereof, which exhibits suflicient binding specificity to a
desired epitope or a sequence derived therelfrom. The anti-
body may also be a chimeric antibody. The antibody may be
derivatized by the attachment of one or more chemical,
peptide, or polypeptide moieties known in the art. The
antibody may be conjugated with a chemical moiety. The
antibody may be a human or humanized antibody.

Other antibody-like molecules are also within the scope of
the present invention. Such antibody-like molecules include,
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¢.g., receptor traps (such as entanercept), antibody mimetics
(such as adnectins, fibronectin based “addressable” thera-
peutic binding molecules from, e.g., Compound Therapeu-
tics, Inc.), domain antibodies (the smallest functional frag-
ment of a naturally occurring single-domain antibody (such
as, €.g., nanobodies; see, e.g., Cortez-Retamozo et al.,
Cancer Res. 2004 Apr. 15; 64 (8):2853-7)).

Suitable antibody mimetics generally can be used as
surrogates for the antibodies and antibody fragments
described herein. Such antibody mimetics may be associated
with advantageous properties (e.g., they may be water
soluble, resistant to proteolysis, and/or be nonimmuno-
genic). For example, peptides comprising a synthetic beta-
loop structure that mimics the second complementarity-
determining region (CDR) of monoclonal antibodies have
been proposed and generated. See, e.g., Saragovi et al.,
Science. Aug. 16, 1991; 2353 (5021):792-3. Peptide antibody
mimetics also have been generated by use of peptide map-
ping to determine “‘active” antigen recognition residues,
molecular modeling, and a molecular dynamics trajectory
analysis, so as to design a peptide mimic containing antigen
contact residues from multiple CDRs. See, e.g., Cassett et
al., Biochem Biophys Res Commun. Jul. 18, 2003; 307
(1):198-205. Additional discussion of related principles,
methods, etc., that may be applicable 1n the context of this
invention are provided 1n, e.g., Fassina, Immunomethods.
October 1994; 5 (2):121-9.

In various embodiments, the active pharmaceutical ingre-
dient may have any of a variety of activities selected from
the group consisting ol anti-rheumatics, anti-neoplastic,
vaccines, anti-diabetics, haematologicals, muscle relaxant,
immunostimulants, anti-coagulants, bone calcium regula-
tors, sera and gammaglobulins, anti-fibrinolytics, MS thera-
pies, anfi-anaemics, cytostatics, interferons, anti-metabo-
lites, radiopharmaceuticals, anti-psychotics, anti-bacterials,
immunosuppressants, cytotoxic antibiotics, cerebral &
peripheral vasotherapeutics, nootropics, CNS drugs, derma-
tologicals, angiotensin antagonists, anti-spasmodics, anti-
cholinergics, interferons, anti-psoriasis agents, anti-hyper-
lipidaemics, cardiac  therapies, alkylating agents,
bronchodilators,  anti-coagulants, anti-intlammatories,
growth hormones, and diagnostic 1maging agents.

In various embodiments, the pharmaceutical composition
may be selected from the group consisting of Lyxumia
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(lixisenatide), Lemtrada (alemtuzumab), REGN727/
SAR2365353 (alirocumab), SAR2405550/BSI-201 (ini1-
parib), Otamixaban (otamixaban), Sarilumab (sarilumab),
Lantus and Lyxumia (insulin glargine and lixisenatide) and
Visamerin/Mulsevo (semuloparin sodium).

In particular embodiments, the pharmaceutical composi-
tion comprises lixisenatide. In a particular embodiment, the
active pharmaceutical ingredient comprises a recombinant
GLP-1 peptide analog, or an analog thereof. In a further
embodiment, the GLP-1 peptide analog 1s an analog of
exendin-4(1-39). Lixisenatide (LYXUMIA®) 1s a modified
form of a GLP-1 peptide analog that acts as a GLP-1
receptor agonist. GLP-1 1s an endogenous incretin hormone
that potentiates glucose-dependent insulin secretion from
the pancreatic beta cells. GLP-1 1s known to suppress
glucagon secretion from pancreatic alpha cells and stimulate
isulin secretion by pancreatic beta cells. Lixisenatide 1s
presently indicated for the treatment of adults with type 2
diabetes mellitus to achieve glycemic control in combination
with oral glucose-lowering medicinal products and/or basal
insulin when these, together with diet and exercise, do not
provide adequate glycemic control.

Lixisenatide 1s a 44 amino acid protein and has a molecu-
lar weight of approximately 4,860 Daltons. The protein has
an amino acid sequence that 1s based on exendin-4(1-39), a
hormone produced from the salivary glands of the Gila
monster lizard, which 1s modified to include six additional
lysine residues at its C-terminus in order to increase its
circulation lifetime by making the protein more resistant to
physiological degradation by DPP-IV.

LYXUMIA® i1s a clear and colorless, solution for once
daily 1njection, currently supplied filled 1n a glass cartridge
inserted 1 a pre-filled pen. The pre-filled pens (3 mL of

solution) currently contain either 10 mcg of lixisenatide
(LYXUMIA® 10, 50 mcg per mL) or 20 mcg lixisenatide

(LYXUMIA® 20, 100 mcg per mL). Each solution for
injection also currently contains glycerol (83%), sodium
acetate trihydrate, methionine, metacresol, hydrochloric
acid (for pH adjustment), sodium hydroxide solution ({or pH
adjustment), and water.

The amino acid sequence of lixisenatide 1s shown below.
H-HGEGTFTSDLSKQMEEEAVRLFIEWLKNGGPSS-

GAPPSKKKKKK-NH, (SEQ ID NO: 1)
The molecular structure of lixisenatide 1s shown below.
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-continued

In particular embodiments, the pharmaceutical composi-
tion comprises alemtuzumab. In a particular embodiment,
the active pharmaceutical composition comprises a mono-
clonal antibody that selectively targets CD52. Alemtuzumab
(LEMTRADA™, g k.a. Campath-1H), 1s a monoclonal anti-
body that selectively targets CD52, a protein that 1s present

on the surface of mature lymphocytes (1.e., T and B cells).
Alemtuzumab 1s being developed as a treatment for relaps-
ing multiple sclerosis.

Alemtuzumab (LEMTRADAT™) 1s a recombinant DNA-
derived humanized monoclonal antibody that 1s directed
against the cell surface glycoprotein CD52. Alemtuzumab
has an approximate molecular weight of 150 kDa. Treatment
with alemtuzumab results 1n the depletion of circulating T
and B cells thought to be responsible for the damaging
inflammatory process 1n multiple sclerosis, while minimally
impacting other immune cells. The acute anti-inflammatory
cllect facilitated by the administration of alemtuzumab 1is
immediately followed by the onset of a distinctive pattern of
T and B cell repopulation that continues over time, rebal-
ancing the immune system in a way that potentially reduces
the disease activity characteristic of multiple sclerosis.

Alemtuzumab 1s currently being developed for intrave-
nous administration.

In particular embodiments, the pharmaceutical composi-
tion comprises alirocumab. In a particular embodiment, the
active 1ngredient comprises a monoclonal antibody that
selectively targets proprotein convertase subtilisin/kexin
type 9 (PCSK9), an enzyme that binds to LDL receptors
resulting in their destruction. Due to the ability of LDL
receptors to mediate the endocytosis of LDL, thus removing,
LDL from the bloodstream, PCSK9 eflectively limits an
individual’s ability to lower LDL levels 1n the body. Ali-
rocumab (REGN727/SAR236553) 1s a fully human anti-
body that 1s currently being evaluated for the treatment of
hypercholesterolemia.

Alirocumab 1s a high afhinity, specific inhibitor of PCSKO9.
The monoclonal antibody binds to PCSK9, preventing the
binding of PCSK9 to LDL receptors, and thereby interrupt-
ing the internalization and subsequent degradation of the
LDL receptor facilitated by PCSKO9.

Alirocumab 1s being developed for subcutaneous admin-
istration. Alirocumab regimens have been studied for admin-
istration to patients characterized by a LDL cholesterol
reading of 100 mg/dL or higher who were treated previously
with a low dose of atorvastatin (10, 20, or 40 mg) for at least
6 weeks, including biweekly 1njections of either 50, 100, or
150 mg of alirocumab. These studies have demonstrated a
decrease 1n circulating levels of LDL cholesterol by 40% to
72%.

In particular embodiments, the pharmaceutical composi-
tion comprises iniparib. In a particular embodiment, the
active pharmaceutical ingredient comprises 4-10do-3-ni-
trobenzamide, or an analog thereof. Iniparib (SAR2405550/
BSI-201) 1s a small molecule currently being studied as a
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potential anti-cancer agent that induces y-H2AX (a marker
of DNA damage) in tumor cell lines, induces cell cycle arrest
in the G2/M phase 1 tumor cell lines, and potentiates the
cell cycle effects of DNA damaging modalities 1n tumor cell
lines Iniparib 1s currently being developed for the treatment
of non-small cell lung carcinoma and solid tumors (e.g.,
sarcomas and breast, uterine, lung, and ovarian cancers),
usually 1n combination with other anti-cancer therapeutics,
such as, for example, gemcitabine and/or cisplatin, 1n addi-
tion to paclitaxel, carboplatin, temozolomide, irinotecan,
and topotecan. Iniparib 1s also currently being studied for the
treatment of malignant glioma, including glioblastomas.

Iniparib 1s a highly lipophilic, soluble, small molecule
with a molecular formula of C -H.IN,O, and a molecular
mass of approximately 292 g/mol. Iniparib 1s metabolized to
a C-nitroso intermediate.

Iniparib 1s currently being developed for intravenous
administration (60 minute infusion) at a dosage of approxi-

mately 5 to 10 mg/kg. Previously, imiparib was studied as a
possible PARP inhibitor for the treatment of various breast
cancers (including triple-negative breast cancer).

The molecular structure of iparib 1s shown below.

I\‘/-\
O;\N_F/\/\I‘(NHE
) )

In particular embodiments, the pharmaceutical composi-
tion comprises otamixaban. In a particular embodiment, the
active pharmaceutical ingredient comprises a reversible,
direct inhibitor of Factor Xa, or an analog thereof. Otamixa-
ban (OTAMIXABAN) 1s a synthetic small molecule that
inhibits Factor Xa resulting 1n the inhibition of the coagu-
lation cascade through decreased expression and activity of
thrombin. Otamixaban 1s being developed for the treatment
ol acute coronary syndromes, which refers to a group of
symptoms attributed to an obstruction of the coronary arter-
ies (1.e. related to acute myocardial 1schemia).

Otamixaban 1s a rapid onset antithrombotic compound,
acting as a direct selective inhibitor of factor Xa, which 1s
characterized by a rapid onset of action and a short hali-life
(~30 munutes). Clinical studies performed in patients with
acute coronary syndromes, have revealed that otamixaban
showed a significant reduction in the combined end point of
death or myocardial infarction and similar bleeding rates at
midrange dosages when compared to unfractionated heparin
and eptifibatide.

Otamixaban 1s being developed for intravenous adminis-
tration according to a weight-based dosing. Otamixaban
regimens have included an initial intravenous bolus (0.080
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mg/kg) followed by continuous infusion (0.035, 0.070,
0.105, 0.140, and 0.175 mg/kg per hour). Otamixaban has a
molecular formula of C,.H,N,O, and an approximate
molecular weight of 447 Daltons.

The molecular structure of Otamixaban (Methyl(2R,3R)-
2-{3-[amino(imino)methyl|benzyl }-3-{[4-(1-oxidopyridin-
4-yl)benzoyl]amino } butanoate) is shown below.

In particular embodiments, the pharmaceutical composi-
tion comprises sarilumab. In a particular embodiment, the
active 1ngredient comprises a monoclonal antibody that
selectively targets the interleukin-6 receptor (IL-6R, speciii-
cally the alpha subunit of IL-6R), which 1s a potent pleio-
tropic cytokine that regulates cell growth and differentiation
and plays an important role 1n immune responses. Sarilumab
1s a high afhnity, subcutaneously delivered, specific inhibitor
of IL-6 signaling. Sarilumab blocks the binding of IL-6 to 1ts
receptor and interrupts the resultant cytokine-mediated
inflammatory signaling cascade. Sarilumab (also known as
REGNS&/SAR153191) 1s a fully human antibody that is
currently being evaluated for the treatment of rheumatoid
arthritis (RA). Sarilumab 1s also being considered for poten-
tial use 1n the treatment of ankylosing spondylitis.

Sarilumab 1s being developed for subcutanecous adminis-
tration. Sarilumab has a molecular weight of approximately
14413 kDa and a  molecular formula  of
CezzaHoo1sN{71207003544. In a phase 2 MOBILITY Part A
trial, sarilumab administered subcutaneously demonstrated
significant and clinically relevant improvements in ACR20
(ACR criteria measures improvement e.g., i tender or
swollen joint counts and improvement 1n other parameters 1n
order to compare the effectiveness of various arthritis treat-
ments) at week 12 relative to placebo 1n patients with active
rheumatoid arthritis receiving methotrexate (MTX).

In particular embodiments, the pharmaceutical composi-
tion comprises lixisenatide and insulin glargine. In a par-
ticular embodiment, the active pharmaceutical ingredient
comprises a recombinant GLP-1 receptor agomist and a

recombinant human insulin, such as insulin glargine
[rDNA]. LYXUMIA® and LANTUS® 1s a particular for-
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mulation that has shown to be eflective at significantly
improving glycemic control in patients with diabetes. Lix-
1senatide (LY XUMIA®) 1s presently indicated for the treat-
ment ol adults with type 2 diabetes mellitus to achieve
glycemic control in combination with oral glucose-lowering
medicinal products and/or basal insulin when these, together
with diet and exercise, do not provide adequate glycemic
control. Insulin glargine [rDNA] injection (LANTUS®) 1s a
long-acting recombinant human insulin analogue indicated
for the treatment of adults and children with type 1 diabetes
mellitus and 1n adults with type 2 diabetes mellitus 1 order
to 1improve glycemic control.

The use of the formulation comprising LY XUMIA® and
LANTUS® has demonstrated an ability to be an eflective
treatment for patients with diabetes through the observation
of a statistically significant reduction 1n HbAlc (glycosy-
lated hemoglobin) levels. Lixisenatide 1s a 44 amino acid
protein and has a molecular weight of approximately 4,860
Daltons. The protein has an amino acid sequence that is
based on exendin-4(1-39), 1s a modified hormone produced
from the salivary glands of the Gila monster lizard.

Insulin glargine [rDNA] 1s a recombinant human insulin
analog produced by recombinant DNA technology. Insulin
glargine [rDNA] imjection, having the chemical formula
214-Gly-30”a-L- Arg-30”b-L-Arg-human insulin
(C,s-H,04N-,O-:5,) and a molecular weight of 6063 dal-
tons, lowers blood glucose levels by stimulating peripheral
glucose uptake by tissues (e.g. skeletal muscle and fat) and
by inhibiting hepatic glucose production. Insulin glargine
also 1nhibits lipolysis and proteolysis and enhances protein
synthesis. Insulin glargine differs from human insulin 1n that
the A21 amino acid 1s replaced by glycine and two arginines
are added to the C-terminus of the B-chain. Insulin glargine
differs from human insulin in that the amino acid Arg21 (of
the A chain) 1s replaced with a glycine residue and two
arginine residues are added to the C-terminus of the B-chain.
Insulin glargine 1s a human insulin analog that has been
designed such that upon administration, msulin glargine
forms small microprecipitates from which small amounts of
isulin glargine are slowly released, resulting 1n a relatively
constant concentration/time profile over 24 hours with no
pronounced peak. This mechanistic profile allows for once-
daily dosing of insulin glargine as a basal insulin.

LYXUMIA® and LANTUS® 1s a clear and colorless
formulation, designed, 1n principle, for subcutaneous admin-
1stration.

The molecular structure and amino acid sequence of
lixisenatide 1s shown above. The molecular structure of

insulin glargine 1s shown below. A——chain 1s disclosed as
SEQ ID NO: 2 and B—<chain 1s disclosed as SEQ 1D NO: 3.
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In particular embodiments, the pharmaceutical composi-
tion comprises semuloparin sodium. In a particular embodi-
ment, the active pharmaceutical ingredient comprises a
hemisynthetic ultra low molecular weight heparin, or an
analog thereof. Semuloparin sodium (VISAMERINTY/
MULSEVO™) 15 a formulation comprising ultra low
molecular weight heparin for use as an anticoagulant in
diseases that involve thrombosis, or the formation of blood
clots that can iterfere with the supply of blood to tissues.
Semuloparin sodium 1s being developed for the prophylaxis
of venous thromboembolism (VTE) in patients receiving
chemotherapy for locally advanced or metastatic pancreatic
or lung cancer or for locally advanced or metastatic solid
tumors with a VIE risk scorez3.

Similar to other low molecular weight heparins, semu-
loparin sodium acts by enhancing the activity of endogenous
antithrombin, thereby accelerating the 1nactivation of Factor
Xa and thrombin, thus inhibiting the coagulation process.
Clinical studies appear to have demonstrated that semu-
loparin sodium reduces the risk of the composite of symp-
tomatic deep vein thromboembolism, non-fatal pulmonary
embolism, or venous thromboembolism-related death.
Semuloparin sodium also appears to have been shown to
decrease the risk of venous thromboembolism events with-
out increasing the incidence of major bleeding.

Semuloparin sodium 1s being formulated for subcutane-
ous administration. Semuloparin sodium regimens have
included a daily dosage of 20 mg semuloparin sodium,
administered for a minimum of three months, while the
patient receives chemotherapy treatment. Semuloparin
sodium 1s an ultra low molecular weight heparin obtained by
depolymerization of heparin derived from porcine intestinal
mucosa, the majority of the components have a 4-deoxy-2-
O-sulfo-a-L-threo-hex-4-enopyranosuronic acid structure at
the non-reducing end and a 2-deoxy-6-O-sulio-2-(sul-
foamino)-D-glucopyranose structure at the reducing end of
theirr chain. Semuloparin sodium has an approximate
molecular mass of 2,000-3,000 Daltons.

Degradation and Stability of Pharmaceutical Compositions

According to the present invention, delamination resistant
pharmaceutical containers comprising a glass composition
provide for improved resistance to degradation of, improved
stability of, improved resistance to inactivation of, and
improved maintenance of levels of a pharmaceutical com-
position having at least one active pharmaceutical mgredi-
ent, Jor example, LYXUMIA®  (lixisenatide),
LEMTRADA™ (alemtuzumab), REGN727/SAR2363553
(alirocumab), SAR2405330/BSI-201 (iniparib), OTA-
MIXABAN (otamixaban), SARILUMAB (sarilumab),
LANTUS® and LYXUMIA® (insulin glargine and lixisen-
atide) or VISAMERIN™/MULSEVO™ (semuloparin
sodium).

In one embodiment of the present invention, the delami-
nation resistant pharmaceutical containers provide improved

stability to pharmaceutical compositions contained therein,
for example, LYXUMIA® (lixisenatide), LEMTRADA™

(alemtuzumab), REGN727/SAR236533  (alirocumab),
SAR2405550/BSI-201 (imiparib), OTAMIXABAN (ota-
mixaban), SARILUMAB (sarilumab), LANTUS® and
LYXUMIA® (1nsulin glargine and lixisenatide) or VISAM-
ERIN™M/MULSEVO™ (semuloparin sodium). As used
herein, the term “stability” refers to the ability of an active
pharmaceutical ingredient to essentially retain its physical,
chemical and conformational identity and integrity upon
storage 1n the pharmaceutical containers of the invention.
Stability 1s associated with the ability of an active pharma-
ceutical ingredient to retain 1ts potency and eflicacy over a
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period of time. Instability of an active pharmaceutical ingre-
dient may be associated with, for example, chemical or
physical degradation, {fragmentation, conformational
change, increased toxicity, aggregation (e.g., to form higher
order polymers), deglycosylation, modification of glycosy-
lation, oxidation, hydrolysis, or any other structural, chemi-
cal or physical modification. Such physical, chemical and/or
conformational changes often result 1n reduced activity or
inactivation of the active pharmaceutical ingredient, for
example, such that at least one biological activity of the
active pharmaceutical ingredient 1s reduced or eliminated.
Alternatively or 1n addition, such physical, chemical and/or
conformational changes often result in the formation of
structures toxic to the subject to whom the pharmaceutical
composition 1s administered.

The pharmaceutical containers of the present invention
maintain stability of the pharmaceutical compositions, in
part, by minimizing or eliminating delamination of the glass
composition which forms, at least in part, the pharmaceut-
cal container. In addition, the pharmaceutical containers of
the present invention maintain stability of the pharmaceuti-
cal compositions, in part, by reducing or preventing the
interaction of the active pharmaceutical ingredient with the
pharmaceutical container and/or delaminated particles
resulting therefrom. By minimizing or eliminating delama-
nation and, further, by reducing or preventing interaction,
the pharmaceutical containers thereby reduce or prevent the
destabilization of the active pharmaceutical ingredient as
found 1n, for example, LYXUMIA® (lixisenatide),
LEMTRADA™ (alemtuzumab), REGN727/SAR2363553
(alirocumab), SAR2405530/BSI-201 (imparib), OTA-
MIXABAN (otamixaban), SARILUMAB (sarilumab),
LANTUS® and LYXUMIA® (1nsulin glargine and lixisen-
atide) or VISAMERIN™/MULSEVO™ (semuloparin
sodium).

The pharmaceutical containers of the present invention
provide the additional advantage of preventing loss of active
pharmaceutical ingredients. For example, by reducing or
preventing the interaction of and, thus, the adherence of, the
active pharmaceutical ingredient with the pharmaceutical
container and/or delaminated particles resulting theretrom,
the level of active pharmaceutical ingredient available for

administration to a subject 1s maintained, as found in, for
example, LYXUMIA® (lixisenatide), LEMTRADA™
(alemtuzumab), REGN727/SAR236553  (alirocumab),
SAR2405550/BSI1-201 (imparnib), OTAMIXABAN (ota-
mixaban), SARILUMAB (sarilumab), LANTUS® and
LYXUMIA® (insulin glargine and lixisenatide) or VISAM -
ERIN™M/MULSEVO™ (semuloparin sodium).

In one embodiment of the present invention, the pharma-
ceutical composition has a high pH. According to the present
invention, it has been discovered that high pHs serve to
increase delamination of glass compositions. Accordingly,
the pharmaceutical containers of the present invention are
particularly suitable for storing and maintaining pharmaceu-
tical compositions having a high pH, for example, pharma-
ceutical compositions having a pH between about 7 and
about 11, between about 7 and about 10, between about 7
and about 9, or between about 7 and about 8.

In additional embodiments, the pharmaceutical containers
of the present invention are particularly suitable for storing
and maintaining pharmaceutical compositions having phos-
phate or citrate based bullers. According to the present
invention, it has been discovered that phosphate or citrate
based buflers serve to increase delamination of glass com-
positions. According 1n particular embodiments, the phar-

maceutical composition includes a bufler comprising a salt
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of citrate, e.g., sodium citrate, or SSC. In other embodi-
ments, the pharmaceutical composition includes a bufler
comprising a salt of phosphate, e.g., mono or disodium
phosphate.

In additional embodiments, the pharmaceutical containers
of the present invention are particularly suitable for storing
and maintaining active pharmaceutical ingredient that needs
to be subsequently formulated. In other embodiments, the
pharmaceutical containers of the present invention are par-
ticularly suitable for storing and maintaining a lyophilized
pharmaceutical composition or active pharmaceutical ingre-
dient that requires reconstitution, for example, by addition of
saline.

Assaying for Delamination of Pharmaceutical Containers

As noted above, delamination may result in the release of
silica-rich glass flakes into a solution contained within the
glass container after extended exposure to the solution.
Accordingly, the resistance to delamination may be charac-
terized by the number of glass particulates present mn a
solution contained within the glass container after exposure
to the solution under specific conditions. In order to assess
the long-term resistance of the glass container to delamina-
tion, an accelerated delamination test was utilized. The test
consisted of washing the glass container at room tempera-
ture for 1 minute and depyrogenating the container at about
320° C. for 1 hour. Thereatter a solution of 20 mM glycine
with a pH of 10 1n water 1s placed 1n the glass container to
80-90% fill, the glass container 1s closed, and rapidly heated
to 100° C. and then heated from 100° C. to 121° C. at aramp
rate of 1 deg/min at a pressure of 2 atmospheres. The glass
container and solution are held at this temperature for 60
minutes, cooled to room temperature at a rate of 0.5 deg./
min and the heating cycle and hold are repeated. The glass
container 1s then heated to 50° C. and held for two days for
clevated temperature conditioning. After heating, the glass
container 1s dropped from a distance of at least 18" onto a
firm surface, such as a laminated tile tloor, to dislodge any
flakes or particles that are weakly adhered to the inner
surface of the glass container.

Thereafter, the solution contained 1n the glass container 1s
analyzed to determine the number of glass particles present
per liter of solution. Specifically, the solution from the glass
container 1s directly poured onto the center of a Millipore
Isopore Membrane filter (Millipore #ATTP02500 held 1n an
assembly with parts #AP1002500 and #MOO00023A0)
attached to vacuum suction to draw the solution through the
filter within 10-15 seconds. Particulate flakes are then
counted by differential interference contrast microscopy
(DIC) 1n the reflection mode as described 1in “Diflerential
interference contrast (DIC) microscopy and modulation con-
trast microscopy”’ from Fundamentals of light microscopy
and digital imaging. New York: Wiley-Liss, pp 153-168. The
field of view 1s set to approximately 1.5 mmx1.5 mm and
particles larger than 50 microns are counted manually. There
are 9 such measurements made in the center of each filter
membrane 1n a 3x3 pattern with no overlap between 1images.
A minimum of 100 ml of solution 1s tested. As such, the
solution from a plurality of small containers may be pooled
to bring the total amount of solution to 100 mL. If the
containers contain more than 10 mlL of solution, the entire
amount of solution from the container 1s examined for the
presence of particles. For containers having a volume greater
than 10 mL, the test 1s repeated for a trial of 10 containers
formed from the same glass composition under the same
processing conditions and the result of the particle count 1s
averaged for the 10 containers to determine an average
particle count. Alternatively, 1n the case of small containers,
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the test 1s repeated for a trial of 10 sets of 10 mL of solution,
cach of which 1s analyzed and the particle count averaged
over the 10 sets to determine an average particle count.
Averaging the particle count over multiple containers
accounts for potential variations in the delamination behav-
ior of individual containers. Table 7 summarizes some

non-limiting examples of sample volumes and numbers of
containers for testing is shown below:

TABLE 7

Table of Exemplary Test Specimens

Nominal Number Total
Vial Vial Max Minimum of solution
Capacity  Volume Solution per Vials in  Number of  Tested

(mL) (mL) Vial (mL) a Trial Trials (mL)

2 4 3.2 4 10 128

3.5 7 5.6 2 10 112

4 6 4.8 3 10 144

5 10 8 2 10 160

6 10 8 2 10 160

8 11.5 9.2 2 10 184

10 13.5 10.8 1 10 108

20 26 20.8 10 208

30 37.5 30 10 300

50 63 50.4 10 504

It should be understood that the aforementioned test 1s
used to identity particles which are shed from the interior
wall(s) of the glass container due to delamination and not
tramp particles present in the container from forming pro-
cesses or particles which precipitate from the solution
enclosed in the glass container as a result of reactions
between the solution and the glass. Specifically, delamina-
tion particles may be differentiated from tramp glass par-
ticles based on the aspect ratio of the particle (i.e., the ratio
of the width of the particle to the thickness of the particle).
Delamination produces particulate tlakes or lamellae which
are 1rregularly shaped and are typically >50 um 1n diameter
but often >200 um. The thickness of the flakes 1s usually
greater than about 100 nm and may be as large as about 1
um. Thus, the minimum aspect ratio of the tlakes 1s typically
>50. The aspect ratio may be greater than 100 and some-
times greater than 1000. Particles resulting from delamina-
tion processes generally have an aspect ratio which 1s
generally greater than about 50. In contrast, tramp glass
particles will generally have a low aspect ratio which 1s less
than about 3. Accordingly, particles resulting from delami-
nation may be differentiated from tramp particles based on
aspect ratio during observation with the microscope. Vali-
dation results can be accomplished by evaluating the heel
region of the tested containers. Upon observation, evidence
of skin corrosion/pitting/tflake removal, as described 1n
“Nondestructive Detection of Glass Vial Inner Surface Mor-
phology with Diflerential Interference Contrast Micros-
copy’ 1rom Journal of Pharmaceutical Sciences 101(4),
2012, pages 1378-1384, 1s noted.

In the embodiments described herein, glass containers
which average less than 3 glass particles with a minimum
width of 50 um and an aspect ratio of greater than 50 per trial
following accelerated delamination testing are considered
“delamination resistant.” In the embodiments described
herein, glass containers which average less than 2 glass
particles with a minimum width of 50 um and an aspect ratio
of greater than 50 per trial following accelerated delamina-
tion testing are considered “delamination-stable.” In the
embodiments described herein, glass containers which aver-
age less than 1 glass particle with a minimum width of 50 um
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and an aspect ratio of greater than 50 per trial following
accelerated delamination testing are considered “delamina-
tion-prool.” In the embodiments described herein, glass
containers which have 0 glass particles with a minimum
width of 50 um and an aspect ratio of greater than 50 per trial
following accelerated delamination testing are considered
“delamination-iree”.

Assessing Stability of Pharmaceutical Compositions

As set forth above, any of a variety of active pharmaceu-
tical ingredients can be incorporated within the claimed
pharmaceutical container including, for example, a small
molecule, a polypeptide mimetic, a biologic, an antisense
RNA, a small mterfering RNA (siRNA), etc. These active
ingredients degrade 1n varying manners and, thus, assessing
the stability thereof 1n the pharmaceutical containers of the
present invention requires different techniques.

Depending on the nature of the active pharmaceutical
ingredient, the stability, maintenance and/or continued efli-
cacy of the pharmaceutical compositions contained within
the delamination resistant pharmaceutical containers of the
present mvention can be evaluated as follows.

Biologics API are often susceptible to degradation and/or
inactivation arising from wvarious factors, including pH,
temperature, temperature cycling, light, humidity, etc. Bio-
logics API are further susceptible to degradation, 1nactiva-
tion or loss, arising from interaction of the pharmaceutical
composition with the pharmaceutical container, or delami-
nants leeching therefrom. For example, biologics may
undergo physical degradation which may render the result-
ing pharmaceutical composition inactive, toxic or isuili-
cient to achieve the desired effect. Alternatively, or 1n
addition, biologics may undergo structural or conforma-
tional changes that can alter the activity of the API, with or
without degradation. For example, proteins may undergo
unifolding which can result 1n effective loss and mactivity of
the API. Alternatively, or 1n addition, biologics may adhere
to the surface of the container, thereby rendering the API
administered to the subject insuflicient to achieve the desired
cllect, e.g., therapeutic eflect.

(1) General Methods for Investigation of Biologic Com-
pound Degradation

Depending on the size and complexity of the biologic,
methods for analysis of degradation of non-biologic, small
molecule API may be applied to biologics. For example,
peptides and nucleic acids can be analyzed using any of a
number of chromatography and spectrometry techniques
applicable to small molecules to determine the size of the
molecules, either with or without protease or nuclease
digestion. However, as proper secondary and tertiary struc-
tures are required for the activity of biologics, particularly
protein biologics, confirmation of molecular weight 1s mnsui-
ficient to confirm activity of biologics. Protein biologics
contaiming complex post-translational modifications, e.g.,
glycosylation, are less amenable to analysis using chroma-
tography and spectrometry. Moreover, complex biologics,
¢.g., vaccines which can include complex peptide mixtures,
attenuated or killed viruses, or killed cells, are not amenable
to analysis by most chromatography or spectrometry meth-
ods.

(11) In Vitro Functional Assays for Investigation of Com-
pound Stability

One or more 1 vitro assays, optionally 1n combination
with one or more 1n vivo assays, can be used to assess the
stability and activity of the API. Functional assays to deter-
mine API stability can be selected based on the structural
class of the API and the function of the API. Exemplary
assays are provided below to confirm the activity of the API
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after stability and/or stress testing. It 1s understood that
assays should be performed with the appropriate controls
(e.g., vehicle controls, control API not subject to stress or
stability testing) with a suflicient number of dilutions and
replicate samples to provide data with suflicient statistical
significance to detect changes in activity of 10% or less,
preferably 5% or less, 4% or less, more preferably 3% or
less, 2% or less, or 1% or less, as desired. Such consider-
ations 1n the art are well understood.

For example, antibody based therapeutics, regardless of
the disease or condition to be treated, can be assayed for
stability and activity using assays that require specific bind-
ing of the antibody to i1ts cognate antigen, e.g., ELISA. The
antigen used 1n the ELISA should have the approprate
conformational structure as would be found 1n vivo. Anti-
body based API are used, for example, for the treatment of
cancer and inflammatory diseases including autoimmune
diseases.

ELISA assays to assay the concentration of a protein
biologic API are commercially available from a number of
sources, €.2., R&D Systems, BD Biosciences, AbCam,
Pierce, Invitrogen.

API are frequently targeted to receptors, particularly cell
surface receptors. Receptor binding assays can be used to
assess the activity of such agents. API that bind cell surface
receptors can be agonists, antagonists or allosteric modula-
tors. API that bind cell surface receptors need not bind the
same location as the native ligand to modulate, for example,
inhibit or enhance, signaling through the receptor. Depend-
ing on the activity of the API, an appropriate assay can be
selected, e.g., assay for stimulation of receptor signaling
when the API 1s a receptor agonist; and inhibition assay in
which binding of an agonist, ¢ g, inhibition of activation by
a receptor agonist by the API. Such assays can be used
regardless of the disease(s) or condition(s) to be treated with
the API. Modulation of cellular activity, e.g., cell prolifera-
tion, apoptosis, cell migration, modulation of expression of
genes or proteins, differentiation, tube formation, etc. i1s
assayed using routine methods. In other assay methods, a
reporter construct 1s used to indicate activation of the
receptor. Such methods are routine 1n the art. APIs that bind
to cell surface receptors are used, for example, as anti-cancer
agents, anti-diabetic agents, anti-inflammatory agents for the
treatment of inflammatory mediated diseases including auto-
immune disorders, anti-angiogenic agents, anti-cholinergic
agents, bone calcium regulators, muscle and vascular ten-
s1on regulators, and psychoactive agents.

Modulators of cell proliferation can be assayed for activ-
ity using a cell proliferation assays. For example, cell
proliferation 1s induced using anti-anemic agents or stimu-
lators of hematopoietic cell growth. Anti-proliferative
agents, e.g., cytotoxic agents, anti-neoplastic agents, che-
motherapeutic agents, cytostatic agents, antibiotic agents,
are used to inhibit growth of various cell types. Some
anti-inflammatory agents also act by inhibiting proliferation
of immune cells, e.g., blast cells. In proliferation assays,
replicate wells containing the same number of cells are
cultured 1n the presence of the API. The effect of the API 1s
assessed using, for example, microscopy or fluorescence
activated cell sorting (FACS) to determine 11 the number of
cells 1 the sample increased or decreased 1n response to the
presence of the API. It 1s understood that the cell type
selected for the proliferation assay i1s dependent on the
specific API to be tested.

Modulators of angiogenesis can be assayed using cell
migration and/or tube formation assays. For cell migration
assays, human vascular endothelial cells (HUVECs) are
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cultured 1n the presence of the API in transwell devices.
Migration of cells through the device at the desired time
intervals 1s assessed. Alternatively, 3-dimensional HUVECs
cultures in MATRIGEL can be assessed for tube formation.
Anti-angiogenic agents are used, for example, for the treat-
ment of cancer, macular degeneration, and diabetic retin-
opathy.

Anti-inflammatory API can be assayed for their effects on
immune cell stimulation as determined, for example, by
modulation of one or more of cytokine expression and
secretion, antigen presentation, migration in response to
cytokine or chemokine stimulation, and immune cell pro-
liferation. In such assays, immune cells are cultured in the
presence ol the API and changes in immune cell activity are
determined using routine methods 1n the art, e.g., ELISA and
cell imaging and counting.

Anti-diabetic API can be assayed for their eflects on
insulin signaling, including insulin signaling 1n response to
modulated glucose levels, and insulin secretion. Insulin
signaling can be assessed by assessing kinase activation 1n
response to exposure to mnsulin and/or modulation of glucose
levels. Insulin secretion can be assessed by ELISA assay.

Modulators of blood clotting, 1.e., fibrinolytics, anti-
fibrinolytics, and anti-coagulants, can be assayed for their
cellects using an INR assay on serum by measuring pro-
thrombin time to determine a prothrombin ratio. Time to
formation of a clot 1s assayed 1n the presence or absence of
the API.

Modulators of muscle or vascular tone can be assayed for
their eflects using vascular or muscle explants. The tissue
can be placed 1n a caliper for detection of changes 1n length
and/or tension. Whole coronary explants can be used to
assess the activity of API on heart. The tissue 1s contacted
with the API, and optionally agents to alter vascular tone
(e.g., K¥, Ca™). The eflects of the API on length and/or
tension of the vasculature or muscle 1s assessed.

Psychoactive agents can act by modulation of neurotrans-
mitter release and/or recycling. Neuronal cells can be incu-
bated 1n the presence of an API and stimulated to release
neurotransmitters. Neurotransmitter levels can be assessed
in the culture medium collected at defined time points to
detect alterations in the level of neurotransmitter present 1n
the media. Neurotransmitters can be detected, for example,
using ELISA, LC/MS/MS, or by preloading the vesicles
with radioactive neurotransmitters to facilitate detection.
(111) In Vivo Assays for Investigation of Compound Stability

In addition to 1n vitro testing for compound stability, API
can also be tested 1n vivo to confirm the stability of the API
alter storage and/or stress testing. For example, some API
are not amenable to testing using in vitro assays due to the
complexity of the disease state or the complexity of the
response required. For example, psychoactive agents, e.g.,
antipsychotic agents, anti-depressant agents, nootropic
agents, immunosuppressant agents, vasotherapeutic agents,
muscular dystrophy agents, central nervous system modu-
lating agents, antispasmodic agents, bone calcium regener-
ating agents, anti-rheumatic agents, anti-hyperlipidemic
agents, hematopoietic proliferation agents, growth factors,
vaccine agents, and imaging agents, may not be amenable to
tull functional characterization using 1n vitro models. More-
over, for some agents, factors that may not alter in vitro
activity may alter activity in vivo, e.g., antibody variable
domains may be suflicient to block signaling through a
receptor, but the Fc domains may be required for eflicacy in
the treatment of disease. Further, changes in stability may
result 1n changes in pharmacokinetic properties of an API
(e.g., halt-life, serum protein binding, tissue distribution,
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CNS permeability). Finally, changes 1n stability may result
in the generation of toxic degradation or reaction products
that would not be detected 1n vivo. Theretfore, confirmation
of pharmacokinetic and pharmacodynamic properties and
toxicity in vivo 1s uselul 1 conjunction with stability and
stress testing.
(1v) Pharmacokinetic Assays

Pharmacokinetics includes the study of the mechanisms
ol absorption and distribution of an administered drug, the
rate at which a drug action begins and the duration of the
cllect, the chemical changes of the substance in the body
(e.g. by metabolic enzymes such as CYP or UGT enzymes)
and the effects and routes of excretion of the metabolites of
the drug. Pharmacokinetics 1s divided into several areas
including the extent and rate of absorption, distribution,
metabolism and excretion. This 1s commonly referred to as
the ADME scheme:

Absorption—the process of a substance entering the
blood circulation.

Distribution—the dispersion or dissemination of sub-
stances throughout the fluids and tissues of the body.

Metabolism (or Biotransformation)—the irreversible
transformation of parent compounds into daughter
metabolites.

Excretion—the removal of the substances from the body.
In rare cases, some drugs irreversibly accumulate 1n
body tissue.

Elimination 1s the result of metabolism and excretion.

Pharmacokinetics describes how the body aflects a spe-

cific drug after administration. Pharmacokinetic properties
of drugs may be ail

ected by elements such as the site of
administration and the dose of administered drug, which
may ail

ect the absorption rate. Such factors cannot be fully
assessed using 1n vitro models.

The specific pharmacokinetic properties to be assessed for
a specific API 1n stability testing will depend, for example,
on the specific API to be tested. In vitro pharmacokinetic
assays can include assays of drug metabolism by 1solated
enzymes or by cells in culture. However, pharmacokinetic
analysis typically requires analysis 1n vivo.

As pharmacokinetics are not concerned with the activity
of the drug, but instead with the absorption, distribution,
metabolism, and excretion of the drug, assays can be per-
formed in normal subjects, rather than subjects sullering
from a disease or condition for which the API is typically
administered, by administration of a single dose of the API
to the subject. However, 11 the subject to be treated with the
API has a condition that would alter the metabolism or
excretion of the API, e.g., liver disease, kidney disease,
testing of the API 1n an appropriate disease model may be
useiul. Depending on the half life of the compound, samples
(e.g., serum, urine, stool) are collected at predetermined time
points for at least two, preferably three hali-lives of the API,
and analyzed for the presence of the API and metabolic
products of the API. At the end of the study, organs are
harvested and analyzed for the presence of the API and
metabolic products of the API. The pharmacokinetic prop-
erties of the API subjected to stability and/or stress testing
are compared to API not subjected to stability or stress
testing and other appropriate controls (e.g., vehicle control).
Changes 1n pharmacokinetic properties as a result of stabil-
ity and/or stress testing are determined.

(v) Pharmacodynamic Assays

Pharmacodynamics includes the study of the biochemical
and physiological effects of drugs on the body or on micro-
organisms or parasites within or on the body and the
mechanisms of drug action and the relationship between
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drug concentration and effect. Due to the complex nature of
many disease states and the actions of many API, the API
should be tested 1n vivo to confirm the desired activity of the
agent. Mouse models for a large variety of disease states are
known and commercially available (see, e.g., jaxmice.jax.

org/query/17p=205:1:989373419139701::::P1_ADV:1). A
number of induced models of disease are also known.
Agents can be tested on the appropriate animal model to
demonstrate stability and etlicacy of the API on modulating
the disease state.

(v1) Specific Immune Response Assay

Vaccines produce complex mmmune responses that are
best assessed i vivo. The specific potency assay for a
vaccine depends, at least in part, on the specific vaccine
type. The most accurate predictions are based on mathemati-
cal modeling of biologically relevant stability-indicating
parameters. For complex vaccines, e.g., whole cell vaccines,
whole virus vaccines, complex mixtures of antigens, char-
acterization of each component biochemically may be dii-
ficult, if not impossible. For example, when using a live,
attenuated virus vaccine, the number of plaque forming units
(e.g., mumps, measles, rubella, smallpox) or colony forming
units (e.g., S. typhi, TY2la) are determined to confirm
potency after storage. Chemical and physical characteriza-
tion (e.g., polysaccharide and polysaccharide-protein con-
jugate vaccines) 1s pertormed to confirm the stability and
activity of the vaccine. Serological response 1n amimals to
inactivated toxins and/or animal protection against chal-
lenge (e.g., rabies, anthrax, diphtheria, tetanus) 1s performed
to confirm activity of vaccines of any type, particularly when
the activity of the antigen has been inactivated. In vivo
testing of vaccines subjected to stability and/or stress testing
1s performed by administering the vaccine to a subject using
the appropriate immunization protocol for the vaccine, and
determining the immune response by detection of speciiic
immune cells that respond to stimulation with the antigen or
pathogen, detection of antibodies against the antigen or
pathogen, or protection mm an immune challenge. Such
methods are well known 1n the art. Vaccines include, but are
not limited to, meningococcal B vaccine, hepatitis A and B
vaccines, human papillomavirus vaccine, influenza vaccine,
herpes zoster vaccine, and pneumococcal vaccine.

(vi1) Toxicity Assays

Degradation of API can result in the formation of toxic
agents. Toxicity assays include the administration of doses,
typically far higher than would be used for therapeutic
applications, to detect the presence of toxic products 1n the
API. Toxicity assays can be performed in vitro and in vivo
and are Irequently single, high dose experiments. After
administration of the compound, 1n addition to wviability,
organs are harvested and analyzed for any indication of
toxicity, especially organs mvolved with clearance of API,
e.g., liver, kidneys, and those for which damage could be
catastrophic, e.g., heart, brain. The toxicologic properties of
the API subjected to stability and/or stress testing are
compared to API not subjected to stability or stress testing
and other appropriate controls (e.g., vehicle control).
Changes 1n toxicologic properties as a result of stability
and/or stress testing are determined.

In accordance with present invention, the degradation,
alteration or depletion of API contained within a delamina-
tion resistant pharmaceutical container of the present inven-
tion can be assessed by a variety of physical techniques.
Indeed, 1n various aspects of the invention, the stability and
degradation caused by the interaction of API with the
container or delaminants thereof, or changes 1n concentra-
tion or amount of the API in a container can be assessed
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using techniques as follows. Such methods include, e.g.,
X-Ray Diffraction (XRPD), Thermal Analysis (such as
Differential Scanming calorimetry (DSC), Thermogravim-
etry (1TG) and Hot-Stage Microscopy (HSM), chromatogra-
phy methods (such as High-Performance Liquid Chroma-
tography (HPLC), Column Chromatography (CC), Gas
Chromatography (GC), Thin-Layer Chromatography (TLC),
and Super Critical Phase Chromatograph (SFC)), Mass
Spectroscopy (MS), Capillary Electrophoresis (CE), Atomic
Spectroscopy (AS), vibrational spectroscopy (such as Infra-
red Spectroscopy (IR)), Luminescence Spectroscopy (LLS),
and Nuclear Magnetic Resonance Spectroscopy (NMR).

In the case of pharmaceutical formulations where the API
1s not 1n solution or needs to be reconstituted 1nto a different
medium, XRPD may be a method for analyzing degradation.
In 1deal cases, every possible crystalline orientation 1s rep-
resented equally 1n a non-liquid sample.

Powder diffraction data 1s usually presented as a diflrac-
togram 1n which the diffracted intensity I 1s shown as
function either of the scattering angle 20 or as a function of
the scattering vector q. The latter variable has the advantage
that the diflractogram no longer depends on the value of the
wavelength A. Relative to other methods of analysis, powder
diffraction allows for rapid, non-destructive analysis of
multi-component mixtures without the need for extensive
sample preparation. Deteriorations of an APl may be ana-
lyzed using this method, e.g., by comparing the difiraction
pattern of the API to a known standard of the API prior to
packaging.

Thermal methods of analysis may include, e.g., differen-
tial scanning calorimetry (DSC), thermogravimetry (TG),
and hot-stage microscopy (HSM). All three methods provide
information upon heating the sample. Depending on the
information required, heating can be static or dynamic 1n
nature.

Differential scanming calorimetry monitors the energy
required to maintain the sample and a reference at the same
temperature as they are heated. A plot of heat tlow (W/g or
I/g) versus temperature 1s obtained. The area under a DSC
peak 1s directly proportional to the heat absorbed or released
and mtegration of the peak results 1n the heat of transition.

Thermogravimetry (1G) measures the weight change of a
sample as a function of temperature. A total volatile content
of the sample 1s obtained, but no information on the identity
of the evolved gas 1s provided. The evolved gas must be
identified by other methods, such as gas chromatography,
Karl Fisher titration (specifically to measure water), TG-
mass spectroscopy, or TG-infrared spectroscopy. The tem-
perature of the volatilization and the presence of steps 1n the
TG curve can provide information on how tightly water or
solvent 1s held in the lattice. If the temperature of the TG
volatilization 1s stmilar to an endothermic peak 1n the DSC,
the DSC peak 1s likely due or partially due to volatilization.
It may be necessary to utilize multiple techniques to deter-
mine 1f more than one thermal event 1s responsible for a
grven DSC peak.

Hot-Stage Microscopy (HSM) 1s a technique that supple-
ments DSC and TG. Events observed by DSC and/or TG can
be readily characterized by HSM. Melting, gas evolution,
and solid-solid transformations can be visualized, providing
the most straightforward means of identifying thermal
events. Thermal analysis can be used to determine the
melting points, recrystallizations, solid-state transforma-
tions, decompositions, and volatile contents of pharmaceu-
tical matenals.

Other methods to analyze degradation or alteration of API
and excipients are mnfrared (IR) and Raman spectroscopy.




Us 9,707,155 B2

43

These techniques are sensitive to the structure, conforma-
tion, and environment of organic compounds. Infrared spec-
troscopy 1s based on the conversion of IR radiation into
molecular vibrations. For a vibration to be IR-active, 1t must
involve a changing molecular dipole (asymmetric mode).
For example, vibration of a dipolar carbonyl group 1is
detectable by IR spectroscopy. Whereas IR has been tradi-
tionally used as an aid 1n structure elucidation, vibrational
changes also serve as probes of intermolecular interactions
in solid maternials.

Raman spectroscopy 1s based on the inelastic scattering of
laser radiation with loss of vibrational energy by a sample.
A vibrational mode 1s Raman active when there 1s a change
in the polarizability during the vibration. Symmetric modes
tend to be Raman-active. For example, vibrations about
bonds between the same atom, such as in alkynes, can be
observed by Raman spectroscopy.

NMR spectroscopy probes atomic environments based on
the diflerent resonance frequencies exhibited by nucle1 1n a
strong magnetic field. Many different nucle1 are observable
by the NMR technique, but those of hydrogen and carbon
atoms are most frequently studied. Solid-state NMR mea-
surements are extremely useful for characterizing the crystal
forms of pharmaceutical solids. Nucle1 that are typically
analyzed with this technique include those of 13C, 31P, 15N,
25Mg, and 23Na.

Chromatography 1s a general term applied to a wide
variety of separation techniques based on the sample parti-
tioming between a moving phase, which can be a gas, liquid,
or supercritical tluid, and a stationary phase, which may be
either a liquid or a solid. Generally, the crux of chromatog-
raphy lies 1n the highly selective chemical interactions that
occur 1n both the mobile and stationary phases. For example,
depending on the API and the separation required, one or
more of absorption, 10on-exchange, size-exclusion, bonded
phase, reverse, or normal phase stationary phases may be
employed.

Mass spectrometry (MS) 1s an analytical techmque that
works by 1omizing chemical compounds to generate charged
molecules or molecule fragments and measuring their mass-
to-charge ratios. Based on this analysis method, one can
determine, e.g., the 1sotopic composition of elements 1n an
API and determine the structure of the API by observing its
fragmentation pattern.

It would be understood that the foregoing methods do not
represent a comprehensive list of means by which one can
analyze possible deteriorations, alterations, or concentra-
tions of certain APIs. Therefore, 1t would be understood that
other methods for determining the physical amounts and/or
characteristics of an APl may be employed. Additional
methods may include, but are not limited to, e.g., Capillary
Electrophoresis (CE), Atomic Spectroscopy (AS), and
Luminescence Spectroscopy (LS).

EXAMPLES

The embodiments of the delamination resistant pharma-
ceutical containers described herein will be further clarified
by the following examples.

Example 1

S1x exemplary inventive glass compositions (composi-
tions A-F) were prepared. The specific compositions of each
exemplary glass composition are reported below 1n Table 8.
Multiple samples of each exemplary glass composition were
produced. One set of samples of each composition was 10n
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exchanged 1 a molten salt bath of 100% KNO, at a
temperature of 450° C. for at least 5 hours to induce a
compressive layer 1n the surface of the sample. The com-

pressive layer had a surface compressive stress of at least
500 MPa and a depth of layer of at least 45 um.

The chemical durability of each exemplary glass compo-
sition was then determined utilizing the DIN 12116 stan-
dard, the ISO 695 standard, and the ISO 720 standard
described above. Specifically, non-ion exchanged test
samples of each exemplary glass composition were sub-
jected to testing according to one of the DIN 12116 standard,
the ISO 695 standard, or the ISO 720 standard to determine
the acid resistance, the base resistance or the hydrolytic
resistance of the test sample, respectively. The hydrolytic
resistance of the 1on exchanged samples of each exemplary
composition was determined according to the ISO 720
standard. The average results of all samples tested are
reported below 1n Table 8.

As shown 1n Table 8, exemplary glass compositions A-F
all demonstrated a glass mass loss of less than 5 mg/dm* and
greater than 1 mg/dm” following testing according to the
DIN 12116 standard with exemplary glass composition E
having the lowest glass mass loss at 1.2 mg/dm”. Accord-
ingly, each of the exemplary glass compositions were clas-
sified 1n at least class S3 of the DIN 12116 standard, with
exemplary glass composition E classified in class S2. Based
on these test results, 1t 1s believed that the acid resistance of
the glass samples improves with increased S10, content.

Further, exemplary glass compositions A-F all demon-
strated a glass mass loss of less than 80 mg/dm~ following
testing according to the ISO 695 standard with exemplary
glass composition A having the lowest glass mass loss at 60
mg/dm”. Accordingly, each of the exemplary glass compo-
sitions were classified 1n at least class A2 of the ISO 695
standard, with exemplary glass compositions A, B, D and F
classified 1n class Al. In general, compositions with higher
silica content exhibited lower base resistance and composi-
tions with higher alkali/alkaline earth content exhibited
greater base resistance.

Table 8 also shows that the non-ion exchanged test
samples of exemplary glass compositions A-F all demon-
strated a hydrolytic resistance of at least Type HGA2 {fol-
lowing testing according to the ISO 720 standard waith
exemplary glass compositions C-F having a hydrolytic resis-
tance of Type HGAI1. The hydrolytic resistance of exem-
plary glass compositions C-F 1s believed to be due to higher
amounts ol S10, and the lower amounts of Na,O 1n the glass
compositions relative to exemplary glass compositions A
and B.

Moreover, the 1on exchanged test samples of exemplary
glass compositions B-F demonstrated lower amounts of
extracted Na,O per gram of glass than the non-ion
exchanged test samples of the same exemplary glass com-

positions following testing according to the ISO 720 stan-
dard.

TABLE 8
Composition and Properties of Exemplary (Glass Compositions
Composition 1 mole %

A B C D E F
S105 70.8 72.8 74.8 76.8 76.8 77.4
Al,O, 7.5 7 6.5 6 6 7
Na>O 13.7 12.7 11.7 10.7 11.6 10
K50 1 1 1 1 0.1 0.1
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TABLE 8-continued

Composition and Properties of Exemplary Glass Compositions

Composition in mole %

A B C D E g
MgO 6.3 5.8 5.3 4.8 4.8 4.8
CaO 0.5 0.5 0.5 0.5 0.5 0.5
SnO, 0.2 0.2 0.2 0.2 0.2 0.2
DIN 12116 3.2 2.0 1.7 1.6 1.2 1.7
(mg/dm?)
classification S3 S3 S3 S3 S2 S3
ISO 695 60.7 65.4 77.9 71.5 76.5 62.4
(mg/dm?)
classification Al Al A2 Al A2 Al
ISO 720 100.7 87.0 54.8 57.5 50.7 37.7
(ug Na,O/g
glass)
classification HGA2 HGA?2 HGAL HGA1 HGA1 HGAI
ISO 720 60.3 51.9 39.0 30.1 32.9 23.3
(with IX)
(ug Na,O/
g olass)
classification HGA1l HGAI HGAL HGA1 HGAl1 HGAI

Example 2

Three exemplary inventive glass compositions (Composi-
tions G-1) and three comparative glass compositions (com-
positions 1-3) were prepared. The ratio of alkali oxides to
alumina (i.e., Y:X) was varied 1n each of the compositions 1n
order to assess the effect of this ratio on various properties
of the resultant glass melt and glass. The specific composi-
tions of each of the exemplary inventive glass compositions
and the comparative glass compositions are reported in
Table 9. The strain point, anneal point, and softening point
of melts formed from each of the glass compositions were
determined and are reported in Table 2. In addition, the
coellicient of thermal expansion (CTE), density, and stress
optic coellicient (SOC) of the resultant glasses were also
determined and are reported in Table 9. The hydrolytic
resistance of glass samples formed from each exemplary
iventive glass composition and each comparative glass
composition was determined according to the ISO 720
Standard both before 10n exchange and after 1on exchange 1n
a molten salt bath of 100% KNO, at 450° C. for 5 hours. For
those samples that were 1on exchanged, the compressive
stress was determined with a fundamental stress meter
(FSM) 1nstrument, with the compressive stress value based
on the measured stress optical coetlicient (SOC). The FSM
instrument couples light into and out of the birefringent
glass surface. The measured birefringence 1s then related to
stress through a material constant, the stress-optic or pho-
toelastic coetlicient (SOC or PEC) and two parameters are
obtained: the maximum surface compressive stress (CS) and
the exchanged depth of layer (DOL). The diffusivity of the
alkali 1ons 1n the glass and the change 1n stress per square
root of time were also determined

TABLE 9

(glass properties as a function of alkali to alumina ratio

Composition Mole %

G H I 1 2 3
510, 76965 76.852 76.962 76919 76960 77156
Al,O4 5.943 6.974 7.95% 8.950 4.977 3.997
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TABLE 9-continued

Composition Mole %

G H I 1 2 3
Na,O 11.427 10.473 9.451 8.468 12.393 13.277
K50 0.101 0.100 0.102 0.105  0.100 0.100
MgO 4.842 4.878 4.802  4.836 4.852  4.757
CaO 0.474 0.478 0.4%81 0.480  0.468 0.462
SnO, 0.198 0.195 0.197 0.197 0.196 0.196
Strain (¢ C.) 578 616 654 683 548 518
Anneal (° C.) 633 674 716 745 600 567
Softening 892 946 1003 1042 846 798
(* C.)
Expansion 67.3 64.3 59.3 535.1 71.8 74.6
(107" K™
Density 2.388 2.384 2.381 2.382 2.392 2.396
(g/em’)
SOC (nm/ 3.127 3.181 3.195 3.232 3.066 3.038
mm/Mpa)
ISO720 88.4 60.9 47.3 384  117.1 208.1
(non-1X)
ISO720 25.3 26 20.5 17.8 57.5 102.5
(IX450°
C.-5 hr)
R50/Al,O; 1.940 1.516 1.200 0.958  2.510 3.347
CS@t =0 708 743 738 655 623 502
(MPa)
CSH1 -35 -24 -14 =7 —-44 —-37
(MPa/hr!’?)
D (um?*/hr) 52.0 53.2 50.3 45.1 51.1 52.4

The data 1n Table 9 indicates that the alkali to alumina
ratio Y:X influences the melting behavior, hydrolytic resis-
tance, and the compressive stress obtainable through i1on
exchange strengthening. In particular, FIG. 1 graphically
depicts the strain point, anneal point, and softening point as
a function of Y:X ratio for the glass compositions of Table
9. FIG. 1 demonstrates that, as the ratio of Y:X decreases
below 0.9, the strain point, anneal point, and soitening point
of the glass rapidly increase. Accordingly, to obtain a glass
which 1s readily meltable and formable, the ratio Y:X should
be greater than or equal to 0.9 or even greater than or equal
to 1.

Further, the data in Table 2 indicates that the diffusivity of
the glass compositions generally decreases with the ratio of
Y:X. Accordingly, to achieve glasses can be rapidly 1on
exchanged 1n order to reduce process times (and costs) the
ratio of Y:X should be greater than or equal to 0.9 or even
greater than or equal to 1.

Moreover, FI1G. 2 indicates that for a given 1on exchange
time and 10n exchange temperature, the maximum compres-
sive stresses are obtained when the ratio of Y:X 1s greater
than or equal to about 0.9, or even greater than or equal to
about 1, and less than or equal to about 2, specifically greater
than or equal to about 1.3 and less than or equal to about 2.0.
Accordingly, the maximum improvement 1n the load bearing
strength of the glass can be obtained when the ratio of Y:X
1s greater than about 1 and less than or equal to about 2. It
1s generally understood that the maximum stress achievable
by 10n exchange will decay with increasing i1on-exchange
duration as indicated by the stress change rate (1.e., the
measured compressive stress divided by the square root of
the 1on exchange time). FIG. 2 generally shows that the
stress change rate decreases as the ratio Y:X decreases.

FIG. 3 graphically depicts the hydrolytic resistance
(v-axis) as a function of the ratio Y:X (x-axis). As shown 1n
FIG. 3, the hydrolytic resistance of the glasses generally
improves as the ratio Y:X decreases.
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Based on the foregoing 1t should be understood that
glasses with good melt behavior, superior ion exchange
performance, and superior hydrolytic resistance can be
achieved by maintaining the ratio Y:X 1n the glass from
greater than or equal to about 0.9, or even greater than or
equal to about 1, and less than or equal to about 2.

Example 3

Three exemplary mventive glass compositions (composi-
tions J-L) and three comparative glass compositions (com-
positions 4-6) were prepared. The concentration of MgO and
CaO 1n the glass compositions was varied to produce both
MgO-rich compositions (1.e., compositions J-LL and 4) and
CaO-rich compositions (1.e., compositions 5-6). The relative
amounts of MgO and CaO were also varied such that the
glass compositions had different values for the ratio (CaO/
(CaO+MgQ)). The specific compositions of each of the
exemplary inventive glass compositions and the compara-
tive glass compositions are reported below 1n Table 10. The
propertiecs of each composition were determined as
described above with respect to Example 2.

TABL.

L1l

10

(Glass properties as function of CaO content

Composition Mole %

I K L 4 5 6
510, 76.99 77.10 77.10 77.01 76.97 77.12
Al,O4 5.98 5.97 5.96 5.96 5.97 5.98
Na,O 11.38 11.33 11.37 11.38 11.40 11.34
K50 0.10 0.10 0.10 0.10 0.10 0.10
MgO 5.23 4,79 3.7% 2.83 1.84 0.09
CaO 0.07 0.45 1.45 2.46 3.47 5.12
SnO- 0.20 0.19 0.19 0.19 0.19 0.19
Stramm (° C.) 585 579 568 562 566 561
Anneal (° C.) 641 634 620 612 611 610
Softening 902 8935 872 859 847 834
(7 C.)
Expansion 67.9 67.1 68.1 08.8 09.4 70.1
(10" K™hH
Density (g/cm?) 2.384 2.387 2.394 2.402 2.41 2.42
SOC nm/mm/ 3.12 3.08 3.04 3.06 3.04 3.01
Mpa
[SO720 83.2 83.9 86 86 8R.7 96.9
(non-I1X)
[SO720 29.1 28.4 33.2 37.3 40.1
(IX450° C.-
5 hr)
Fraction of RO 0.014 0.086 0.2777 0.465 0.654 0.982
as CaO
CS@t =0 707 717 713 689 693 676
(MPa)
CS/VT (MPa/ -36 37 -39 —38 —-43 —-44
hrlﬂ)
D (um?/hr) 57.2 50.%8 40.2 31.4 26.4 20.7

FIG. 4 graphically depicts the diffusivity D of the com-
positions listed 1n Table 10 as a function of the ratio
(CaO/(Ca0O+MgQ)). Specifically, FIG. 4 indicates that as the
ratio (CaO/(Ca0+MgQ)) increases, the diffusivity of alkali
ions 1n the resultant glass decreases thereby diminishing the
ion exchange performance of the glass. This trend 1s sup-
ported by the data in Table 10 and FIG. 5. FIG. 5 graphically
depicts the maximum compressive stress and stress change
rate (y-axes) as a function of the ratio (CaO/(CaO+MgQO)).
FIG. 5 indicates that as the ratio (CaO/(CaO+MgQO))
increases, the maximum obtainable compressive stress
decreases for a given 1on exchange temperature and 1on
exchange time. FIG. 5 also indicates that as the ratio
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(CaO/(Ca0+MgQ)) i1ncreases, the stress change rate
increases (1.e., becomes more negative and less desirable).

Accordingly, based on the data 1n Table 10 and FIGS. 4
and 5, 1t should be understood that glasses with higher
diffusivities can be produced by minimizing the ratio (CaQO/
(CaO+MgQ)). It has been determined that glasses with
suitable diffusivities can be produced when the (CaO/(CaO+
MgQO)) ratio 1s less than about 0.5. The diffusivity values of
the glass when the (CaO/(CaO+MgQO)) ratio 1s less than

about 0.5 decreases the 1on exchange process times needed
to achieve a given compressive stress and depth of layer.
Alternatively, glasses with higher diffusivities due to the
ratio (CaO/(Ca0O+MgQO)) may be used to achieve a higher
compressive stress and depth of layer for a given 1on
exchange temperature and ion exchange time.

Moreover, the data in Table 10 also indicates that decreas-
ing the ratio (CaO/(CaO+MgQO)) by increasing the MgO
concentration generally improves the resistance of the glass
to hydrolytic degradation as measured by the ISO 720
standard.

Example 4

Three exemplary inventive glass compositions (composi-
tions M-0O) and three comparative glass compositions (com-
positions 7-9) were prepared. The concentration of B,O; 1n
the glass compositions was varied from 0 mol. % to about
4.6 mol. % such that the resultant glasses had different
values for the ratio B,0O,/(R,0—Al,O,). The specific com-
positions of each of the exemplary iventive glass compo-
sitions and the comparative glass compositions are reported
below 1n Table 11. The properties of each glass composition
were determined as described above with respect to
Examples 2 and 3.

TABLE 11

(7lass properties as a function of B-O; content

Composition Mole %

M N O 7 8 9
510, 76.860 76.778 T76.396 T74.780 T73.843 72.782
Al,O; 5.964 5.948 5.919 5.793 5.720 5.867
B-50; 0.000 0.214  0.777 2.840  4.443 4.636
Na,O 11.48 11.408 11.294 11.036 10.580 11.099
K50 0.101 0.100 0.100 0.098 0.088 0.098
MgO 4.849 4.827  4.801 4754  4.645 4.817
CaO 0.492 0.480 0.475 0.463 0.453 0.465
SnO, 0.197 0.192 0.192 0.188 0.183 0.189
Strain (° C.) 579 575 572 560 552 548
Anneal (° C.) 632 626 622 606 597 590
Softening 8 K9 880 873 836 816 801
(* C.)
Expansion 68.3 67.4 67.4 65.8 64.1 67.3
(10~ K4
Density (g/cm?) 2.388 2.389 2.390 2.394  2.392 2.403
SOC (nm/ 3.13 3.12 3.13 3.17 3.21 3.18
mm/MPa)
ISO720 86.3 78.8 68.5 64.4 52.7 54.1
(non-I1X)
ISO720 32.2 30.1 26 24.7 22.6 26.7
(IX450° C.-
5 hr)
B,0,/ 0.000 0.038 0.142 0.532 0.898 0.870
(Ry0—ALO3)
CS@t =0 703 714 722 701 686 734
(MPa)
CSHT (MPa/ —38 -38 —38 -33 -32 -39
hr!/2)
D (um?hr) 51.7 43.8 38.6 22.9 16.6 15.6
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FIG. 6 graphically depicts the diffusivity D (y-axis) of the
glass compositions in Table 11 as a function of the ratio
B,0./(R,0—Al,O,) (x-axis) for the glass compositions of
Table 11. As shown 1 FIG. 6, the diffusivity of alkal1 10ns
in the glass generally decreases as the ratio B,O,/(R,O0—
Al,O;) increases.

FIG. 7 graphically depicts the hydrolytic resistance
according to the ISO 720 standard (y-axis) as a function of
the ratio B,0,/(R,0—Al,0,) (x-axis) for the glass compo-
sitions of Table 11. As shown 1n FIG. 6, the hydrolytic
resistance of the glass compositions generally improves as
the ratio B,0O,/(R,0—AIl,O,) increases.

Based on FIGS. 6 and 7, it should be understood that
minimizing the ratio B,0O./(R,0—Al,0O,) improves the dif-
tusivity of alkali 10ons 1n the glass thereby improving the 10on
exchange characteristics of the glass. Further, increasing the
ratio B,0O;/(R,0—Al,0,) also generally improves the resis-
tance of the glass to hydrolytic degradation. In addition, 1t
has been found that the resistance of the glass to degradation
in acidic solutions (as measured by the DIN 12116 standard)
generally improves with decreasing concentrations of B,O,.
Accordingly, 1t has been determined that maintaiming the
ratio B,O;/(R,O0—Al,O,) to less than or equal to about 0.3
provides the glass with improved hydrolytic and acid resis-
tances as well as providing for improved i1on exchange
characteristics.

It should now be understood that the glass compositions
described herein exhibit chemical durability as well as
mechanical durability following 10n exchange. These prop-
ertics make the glass compositions well suited for use 1n
various applications including, without limitation, pharma-
ceutical packaging matenals.

Example 5: Determining the Presence and Amount
of Glass Flakes in Pharmaceutical Solutions

The resistance to delamination may be characterized by
the number of glass particulates present in a pharmaceutical
solution contained within a glass container described herein
after. In order to assess the long-term resistance of the glass
container to delamination, an accelerated delamination test
1s utilized. The test consists of washing the glass container
at room temperature for 1 minute and depyrogenating the
container at about 320° C. for 1 hour. Thereafter a pharma-
ceutical solution 1s placed in the glass container to 80-90%
tull, the glass container 1s closed, and rapidly heated to, for
example, 100° C. and then heated from 100° C. to 121° C.
at a ramp rate of 1 deg/min at a pressure of 2 atmospheres.
The glass container and solution are held at this temperature
for 60 minutes, cooled to room temperature at a rate of 0.5
deg/min and the heating cycle and hold are repeated. The
glass container 1s then heated to 50° C. and held for two days
for elevated temperature conditioning. After heating, the
glass container 1s dropped from a distance of at least 18"
onto a firm surface, such as a laminated tile floor, to dislodge
any tlakes or particles that are weakly adhered to the inner
surface of the glass container.

Thereafter, the pharmaceutical solution contained in the
glass container 1s analyzed to determine the number of glass
particles present per liter of solution. Specifically, the solu-
tion from the glass container 1s directly poured onto the
center of a Millipore Isopore Membrane filter (Millipore
#ATTP023500 held 1n an assembly with parts #AP10023500
and #MO000025A0) attached to vacuum suction to draw the
solution through the filter within 10-15 seconds. Particulate
tflakes are then counted by differential interference contrast
microscopy (DIC) in the reflection mode as described in
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“Diafferential interference contrast (DIC) microscopy and
modulation contrast microscopy” from Fundamentals of

light microscopy and digital imaging. New York: Wiley-
Liss, pp 153-168. The field of view 1s set to approximately
1.5 mmx1.5 mm and particles larger than 50 microns are
counted manually. There are 9 such measurements made 1n
the center of each filter membrane 1n a 3x3 pattern with no
overlap between 1mages. A mimnmimum of 100 mL of solution
1s tested. As such, the solution from a plurality of small
containers may be pooled to bring the total amount of
solution to 100 mL. If the containers contain more than 10
ml. of solution, the entire amount of solution from the
container 1s examined for the presence of particles. For
containers having a volume greater than 10 mL containers,
the test 1s repeated for a trial of 10 containers formed from
the same glass composition under the same processing
conditions and the result of the particle count 1s averaged for
the 10 containers to determine an average particle count.
Alternatively, 1 the case of small containers, the test 1s
repeated for a trial of 10 sets of 10 mL of solution, each of
which 1s analyzed and the particle count averaged over the
10 sets to determine an average particle count. Averaging the
particle count over multiple containers accounts for potential
variations in the delamination behavior of imdividual con-
tainers.

It should be understood that the aforementioned test 1s
used to identify particles which are shed from the interior
wall(s) of the glass container due to delamination and not
tramp particles present in the container from forming pro-
cesses. Specifically, delamination particles will be difleren-
tiated from tramp glass particles based on the aspect ratio of
the particle (1.e., the ratio of the width of the particle to the
thickness of the particle). Delamination produces particulate
flakes or lamellae which are irregularly shaped and are
typically >350 um in diameter but often >200 um. The
thickness of the flakes 1s usually greater than about 100 nm
and may be as large as about 1 um. Thus, the minimum
aspect ratio of the flakes 1s typically >50. The aspect ratio
may be greater than 100 and sometimes greater than 1000.
Particles resulting from delamination processes generally
have an aspect ratio which 1s generally greater than about 50.
In contrast, tramp glass particles will generally have a low
aspect ratio which 1s less than about 3. Accordingly, particles
resulting from delamination may be differentiated from
tramp particles based on aspect ratio during observation with
the microscope. Validation results can be accomplished by
evaluating the heel region of the tested containers. Upon
observation, evidence of skin corrosion/pitting/tlake
removal, as described 1n “Nondestructive Detection of Glass
Vial Inner Surface Morphology with Differential Interfer-
ence Contrast Microscopy” from Journal of Pharmaceutical
Sciences 101(4), 2012, pages 1378-1384, 1s noted.

Using this method, pharmaceutical compositions can be
tested for the presence of glass flakes and various compo-
sitions can be compared to each other to assess the safety of
various pharmaceutical compositions.

Example 6: Stability Testing of Pharmaceutical
Compositions

Stability studies are part of the testing required by the
FDA and other regulatory agencies. Stability studies should
include testing of those attributes of the API that are sus-
ceptible to change during storage and are likely to influence
quality, safety, and/or eflicacy. The testing should cover, as
approprate, the physical, chemical, biological, and micro-
biological attributes of the API (e.g., small molecule or
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biologic therapeutic agent) in the container with the closure
to be used for storage of the agent. If the API 1s formulated
as a liquid by the manufacturer, the final formulation should
be assayed for stability. If the API 1s formulated as an agent
for reconstitution by the end user using a solution provided
by the manufacturer, both the API and the solution for
reconstitution are preferably tested for stability as the sepa-
rate packaged components (e.g., the API subjected to storage
reconstituted with solution for reconstitution not subject to
storage, API not subject to storage reconstituted with a
solution subject to storage, and both API and solution
subject to storage). This 1s particularly the case when the
solution for reconstitution includes an active agent (e.g., an
adjuvant for reconstitution of a vaccine).

In general, a substance API should be evaluated under
storage conditions (with appropriate tolerances) that test its
thermal stability and, 1t applicable, 1ts sensitivity to mois-
ture. The storage conditions and the lengths of studies

chosen should be suflicient to cover storage, shipment, and
subsequent use.

API should be stored 1n the container(s) in which the API
will be provided to the end user (e.g., vials, ampules,
syringes, 1mnjectable devices). Stability testing methods pro-
vided herein refer to samples being removed from the
storage or stress conditions indicated. Removal of a sample
preferably refers to removing an entire container from the
storage or stress conditions. Removal of a sample should not
be understood as withdrawing a portion of the API from the
container as removal ol a portion of the API from the
container would result 1n changes of fill volume, gas envi-
ronment, etc. At the time of testing the API subject to
stability and/or stress testing, portions of the samples subject
to stability and/or stress testing can be used for individual
assays.

The long-term testing should cover a mmmimum of 12
months’ duration on at least three primary batches at the
time of submission and should be continued for a period of
time suthicient to cover the proposed retest period. Addi-
tional data accumulated during the assessment period of the
registration application should be submitted to the authori-
ties 1f requested. Data from the accelerated storage condition
and, if appropriate, from the intermediate storage condition
can be used to evaluate the eflect of short-term excursions
outside the label storage conditions (such as might occur
during shipping).

Long-term, accelerated, and, where appropriate, interme-
diate storage conditions for API are detailed in the sections
below. The general case should apply if the API 1s not
specifically covered by a subsequent section. It 1s under-
stood that the time points for analysis indicated in the table
are suggested end points for analysis. Interim analysis can be
preformed at shorter time points (e.g., 1, 2, 3, 4, 3, 6, 7, 8,
9, 10, or 11 months). For API to be labeled as stable for
storage for more than 12 months, time points beyond 12
months can be assessed (e.g., 15, 18, 21, 24 months).
Alternative storage conditions can be used 11 justified.

TABL.

L1l

12

(General Conditions for Stability Analvsis

Time points

Study Storage condition for analysis

Long-term™ 25° C. £ 2° C./ 12 months
60% RH + 5% RH or

30° C. £ 2° C./65% RH = 5% RH

Long-term
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TABLE 12-continued

General Conditions for Stability Analvsis

Time points

Study Storage condition for analysis
Intermediate 30°C. £ 2°C./65% RH + 3% RH 6 months
Accelerated 40° C. £ 2° C./75% RH + 5% RH 6 months

TABLE

13

Conditions for Stability Analysis for Storage in a Refrigerator

Minimum time period
covered by data at

Study Storage condition submission
Long-term 5°C. = 3° C. 12 months
Accelerated  25° C. £ 2° C./60% RH = 5% RH 6 months
TABLE 14
Conditions for Stability Analysis for Storage 1n a Freezer
Minimum time period
covered by data at
Study Storage condition submission
Long-term -20° C. £ 5° C. 12 months

Storage condition for API intended to be stored in a
freezer, testing on a single batch at an elevated temperature
(e.g., 5° C.£3° C. or 25° C.x2° C.) for an appropriate time
period should be conducted to address the efiect of short-
term excursions outside the proposed label storage condition
(e.g., stress during shipping or handling, e.g., increased
temperature, multiple freeze-thaw cycles, storage 1n a non-
upright orientation, shaking, etc.).

The assays performed to assess stability of an API include
assays to that are used across most APIs to assess the
physical properties of the API, e.g., degradation, pH, color,
particulate formation, concentration, toxicity, etc. Assays to
detect the general properties of the API are also selected
based on the chemical class of the agent, e.g., denaturation
and aggregation of protein based API. Assays to detect the
potency of the API, 1.e., the ability of the API to achieve its
intended eflect as demonstrated by the quantitative measure-
ment of an attribute indicative of the clinical effect as
compared to an appropriate control, are selected based on
the activity of the particular agent. For example, the bio-
logical activity of the APIL, e.g., enzyme inhibitor activity,
cell killing activity, anti-inflammatory activity, coagulation
modulating activity, etc., 1s measured using 1n vitro and/or in
vivo assays such as those provided herein. Pharmacokinetic
and toxicological properties of the API are also assessed

using methods known in the art, such as those provided
herein.

Example 7: Analysis of Adherence to Glass Vials

Changes 1n the surface of glass can result 1n changes 1n the
adherence of API to glass. The amount of agent 1n samples
withdrawn from glass vials are tested at intervals to deter-
mine if the concentration of the API 1n solution changes over
time. API are incubated in containers as described in the
stability testing and/or stress testing methods provided 1n
Example 6. Preterably, the API 1s incubated both 1n standard
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glass vials with appropriate closures and glass vials such as
those provided herein. At the desired intervals, samples are

removed and assayed to determine the concentration of the
API 1n solution. The concentration of the API 1s determined
using methods and controls appropriate to the API. The
concentration of the API 1s preferably determined 1n con-
junction with at least one assay to confirm that the API,
rather than degradation products of the APIL 1s detected. In
the case of biologics in which the conformational structure
of the biologic agent 1s essential to i1ts function of the API,
the assays for concentration of the biologic are preferably
preformed in conjunction with an assay to confirm the
structure of the biologic (e.g., activity assay).

For example, in the cases of small molecule APIs, the
amount of agent present 1s determined, for example, by mass
spectrometry, optionally 1n combination with liqud chro-
matography, as appropriate, to separate the agent from any
degradation products that may be present 1n the sample.

For protein based biologic APIs, the concentration of the
API 1s determined, for example, using ELISA assay. Chro-
matography methods are used 1n conjunction with methods
to determine protein concentration to confirm that protein
fragments or aggregates are not being detected by the
ELISA assay.

For nucleic acid biologic APIs, the concentration of the
API 1s determined, for example, using quantitative PCR
when the nucleic acids are of suflicient length to permit
detection by such methods. Chromatography methods are
used to determine both the concentration and size of nucleic
acid based API.

For viral vaccine APIs, the concentration of the virus 1s
determined, for example, using colony formation assays.

Example 8: Analysis of Pharmacokinetic Properties

Pharmacokinetics 1s concerned with the analysis of
absorption, distribution, metabolism, and excretion of API.
Storage and stress can potentially atlect the pharmacokinetic
properties of various API. To assess pharmacokinetics of
API subject to stability and/or stress testing, agents are
incubated in containers as described in Example 6. Prefer-
ably, the API are incubated both 1n standard glass vials with
appropriate closures and glass vials such as those provided
herein. At the desired intervals, samples are removed and
assayed.

The API 1s delivered to subjects by the typical route of
delivery for the API (e.g., injection, oral, topical). As phar-
macokinetics are concerned with the absorption and elimi-
nation ol the API, normal subjects are typically used to
assess pharmacokinetic properties of the API. However, 1f
the API 1s to be used 1n subjects with compromised ability
to absorb or eliminate the API (e.g., subjects with liver or
kidney disease), testing in an appropriate disease model may
be advantageous. Depending on the half life of the com-
pound, samples (e.g., blood, urine, stool) are collected at
predetermined time points (e.g., 0 min, 30 min, 60 min, 90
min, 120 min, 4 hours, 6 hours, 12 hours, 24 hours, 36 hours,
48 hours, etc.) for at least two, preferably three half-lives of
the API, and analyzed for the presence of the API and
metabolic products of the API. At the end of the study,
organs are harvested and analyzed for the presence of the
API and metabolic products of the API.

The results are analyzed using an appropriate model
selected based on, at least, the route of administration of the
API. The pharmacokinetic properties of the API subjected to
stability and/or stress testing are compared to API not
subjected to stability or stress testing and other appropriate
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controls (e.g., vehicle control). Changes, 1f any, in pharma-
cokinetic properties as a result of storage of the API under
cach condition are determined.

Example 9: Analysis of Toxicity Profiles

Storage ol API can result 1n alterations of toxicity of API
as a result of reactivity of the API with the container,
leeching of agents from the container, delamination resulting
in particulates in the agent, reaction of the API molecules
with each other or components of the storage bufler, or other
causes.

Agents are incubated in containers as described in the
stability testing and/or stress testing methods provided 1n
Example 6. Preferably, the API i1s incubated both 1n standard
glass vials with appropriate closures and glass vials such as
those provided herein. At the desired 1ntervals, samples are
removed and assayed to determine the toxicity the API. The
toxicity of the API 1s determined using methods and controls
appropriate to the API. In vitro and 1n vivo testing can be
used alone or in combination to assess changes 1n toxicity of
agents as a result of storage or stress.

In 1 vitro assays, cell lines are grown in culture and
contacted with increasing concentrations of API subjected to
stability and/or stress testing for predetermined amounts of
time (e.g., 12, 24, 36, 48, and 72 hours). Cell viability 1s
assessed using any of a number of routine or commercially
available assays. Cells are observed, for example, by micros-
copy or using fluorescence activated cell sorting (FACS)
analysis using commercially available reagents and kits. For
example, membrane-permeant calcein AM 1s cleaved by
esterases 1n live cells to yield cytoplasmic green fluores-
cence, and membrane-impermeant ethidium homodimer-1
labels nucleic acids of membrane-compromised cells with
red fluorescence. Membrane-permeant SYTO 10 dye labels
the nucleic acids of live cells with green fluorescence, and
membrane-impermeant DEAD Red dye labels nucleic acids
of membrane-compromised cells with red fluorescence. A
change in the level of cell viability 1s detected between the
cells contacted with API subjected to stress and/or stability
testing 1n standard glass vials as compared to the glass vials
provided herein and appropriate controls (e.g., API not
subject to stability testing, vehicle control).

In vivo toxicity assays are performed 1n anmimals. Typi-
cally preliminary assays are performed on normal subjects.
However, 1f the disease or condition to be treated could alter
the susceptibility of the subject to toxic agents (e.g.,
decreased liver function, decreased kidney function), toxic-
ity testing 1n an appropriate model of the disease or condi-
tion can be advantageous. One or more doses ol agents
subjected to stability and/or stress testing are administered to
amimals. Typically, doses are far higher (e.g., 5 times, 10
times) the dose that would be used therapeutically and are
selected, at least 1n part, on the toxicity of the API not subject
to stability and/or stress testing. However, for the purpose of
assaying stability of API, the agent can be administered at a
single dose that 1s close to (e.g., 70%-90%), but not at, a
dose that would be toxic for the API not subject to stability
or stress testing. In single dose studies, after administration
of the API subject to stress and/or stability testing (e.g., 12
hours, 24 hours, 48 hours, 72 hours), during which time
blood, urine, and stool samples may be collected. In long
term studies, animals are administered a lower dose, closer
to the dose used for therapeutic treatment, and are observed
for changes indicating toxicity, e.g., weight loss, loss of
appetite, physical changes, or death. In both short and long
term studies, organs are harvested and analyzed to determine
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if the API 1s toxic. Organs of most interest are those involved
in clearance of the API, e.g., liver and kidneys, and those for
which toxicity would be most catastrophic, e.g., heart, brain.
An analysis 1s performed to detect a change 1n toxicity
between the API subjected to stress and/or stability testing in
standard glass vials as compared to the glass vials provided
herein, as compared to API not subject to stability and/or
stress testing and vehicle control. Changes, 1f any, 1n toxicity

properties as a result of storage of the API under each
condition are determined

Example 10: Analysis of Pharmacodynamic Profiles

Pharmacodynamics includes the study of the biochemical
and physiological effects of drugs on the body or on micro-
organisms or parasites within or on the body and the
mechanisms of drug action and the relationship between
drug concentration and eflect. Mouse models for a large
variety of disease states are known and commercially avail-
able (see, ¢.g., jaxmice.jax.org/query/I?p=205:1:
089373419139701::::P1_ADV:1). A number of induced
models of disease are also known.

Agents are mcubated in containers as described in the
stability testing and/or stress testing methods provided 1n
Example 6. Preterably, the samples are incubated both 1n
standard glass vials with appropriate closures and glass vials
such as those provided herein. At the desired intervals,
samples are removed and assayed for pharmacodynamic
activity using known animal models. Exemplary mouse
models for testing the various classes of agents indicated are
known 1n the art.

The mouse 1s treated with the API subject to stability
and/or stress testing. The eflicacy of the API subject to
stability and/or stress testing to treat the appropriate disease
or condition 1s assayed as compared to API not subject to
stability and/or stress testing and vehicle control. Changes,
if any, 1n pharmacodynamic properties as a result of storage
of the API under each condition are determined.

Example 11: Confirmation of Stability and Activity
of Lyxumia® (Lixisenatide) and Lyxumia®
(Lixisenatide)/Lantus® (Insulin Glargine)

Lixisenatide 1s a recombinant GLP-1 receptor agonist
with an approximate molecular weight of 4,860 Daltons.
Insulin glargine 1s a long-acting recombinant human 1nsulin
indicated for the treatment of adults and children with type
1 diabetes mellitus and 1 adults with type 2 diabetes
mellitus 1 order to improve glycemic control.

Lixisenatide or lixisenatide and insulin glargine (in com-
bination) samples are incubated in containers as described in
the stability testing and/or stress testing methods provided in
Example 6. Preferably, the samples are incubated both 1n
standard glass vials with appropriate closures and glass vials
such as those provided herein. At the desired intervals,
samples are removed and assayed to determine the stability
and/or activity of lixisenatide or lixisenatide and insulin
glargine. The activity of lixisenatide or lixisenatide and
insulin glargine (1n combination) 1s determined using meth-
ods and controls appropriate to the agent(s).

Hemoglobin A, . Test to Determine the Effects of Lixisen-
atide and Lixisenatide/Insulin Glargine Treatment

Sample preparation. Heparinized blood sample from ani-
mal model (e.g., a canine model) or other subject (e.g., a
patient) previously treated with lixisenatide or lixisenatide
and 1nsulin glargine (1n combination) 1s centrifuged at 200 to
2,000xg and the cells are washed twice with 0.9% saline.
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The packed cells are lysed with an equal volume of water
and extracted overnight with 0.4 volume of toluene. The
aqueous phase 1s centrifuged at 20,000xg for 30 minutes just
before analysis. Alternatively, the toluene and the high speed
centrifuge steps can be omitted and replaced with the use of
Whatman No. 1 filter paper 1n a Millipore syringe filter

holder (model XX30 01200). In yet another alternative
approach, the collected blood sample can be treated with

other anticoagulants (e.g., EDTA) and stored at 4° C. for
four to seven days prior to analysis.

Mix treated blood sample from above and pipette 50 uL
of sample 1nto a polystyrene tube. Add 2 mL of acetate
solution (3.4 g of sodium acetate trihydrate and 3.3 g of
NaCl dissolved in approximately 400 mL water, pH adjusted
to 5.5 with 2 M acetic acid, final volume to 500 ml., acetate
solution used to remove labile fraction of glycated hemo-
globins), mix and incubate for 45 minutes 1 a 37° C. air

oven. Centrifuge the suspension at 1400xg for 10 minutes

and decant the acetate. Add 4 mL of Buffer A (40 mmol/L
phosphate, pH 6.30, containing 60 mmol/LL NaCl, 5 mmol/L
NaCN and 0.5 mL/LL Triton X-100). Mix thoroughly to
resuspend the erythrocytes, which are rapidly lysed by
Triton X-100 1n the bufler. Transfer the hemolysate to a 5
mL syringe and filter through a filter unit. Collect approxi-
mately 1.5-2.0 mL.

Resins. One of skill in the art will understand that
numerous resins can be used to separate various desired
components of the hemolysate (e.g., BioRex 70 cation
exchange resin, (BioRad); methacrylic acid copolymer (10
um particle size), polyCAT resin) via HPLC.

Sample analysis 1s performed by injecting an approprate
volume of sample into the HPLC such that the HbA, . peak
can be suiliciently resolved (e.g. from other hemoglobin
components) by monitoring the eluent at 410 nm. Subse-
quently, the area under the corresponding HbA, . peak 1is
determined.

Action Profile 1n Dogs

An action profile of Lyxumia and/or Lyxumia and Lantus
(1n combination) after subjection to the storage conditions
described 1n Example 6 1s carried out by comparing insulin
glargine in dogs with human insulin-Arg”>'-Arg”>*-OH and
basal H mnsulin as an NPH (neutral protamine Hagedorn)
composition containing about 10 ug of Zn*.

Blood glucose 1s measured as a percentage of the initial
level at the following time points: 1 h, 2 h, 3 h, 5 h, 7h.
Results should show that Gly**'-Human Insulin-Arg”>'-
Arg”??-OH has the same advantageous basal profile as
human insulin-Arg”>'-Arg”>*-OH. Additionally, the results
should show that Gly***-Human Insulin-Arg”>"-Arg”>*-OH
1s stable for a long period of time under the chosen condi-
tions.

Studies described herein are similar as those described in
U.S. Pat. No. 5,656,722, the entire contents of which are
incorporated by reference herein.

In Use Test

After the storage conditions described above, the vessels
are stored 1n boxes with turned-up lids and stored during an
ivestigation period of 28 days at 25° C. and controlled
room humidity with the exclusion of light. To simulate
taking by the patient, once daily about 5 IU of the solutions
are withdrawn using a customary insulin syringe and dis-
carded. At the beginning and the end of each week this
procedure 1s carried out twice 1n order to simulate taking at
the weekend. Betore each withdrawal, visual assessment of
the solution in the vessels for turbidity and/or particle
formation 1s carried out.
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Studies described herein are similar as those described 1in
U.S. Pat. No. 7,476,652, the entire contents of which are

incorporated by reference herein.
Shaking Test

After the storage conditions described above, the vessels
are placed 1n a box with a turned-up lid lying on a laboratory
shaker having an incubator and thermostat and shaken at 25°
C. with 90 movements/min parallel to the horizontal move-
ment for a period of 10 days. After the defined times, the
turbidity value of the samples are determined by means of a
laboratory  turbidity photometer (nephelometer) 1n
formaldazine nephelometric units (formaldazine nephelo-
metric unit=FNU). The turbidity value are expected to
correspond to the intensity of the scattered radiation of the
of the light incident on suspended particles 1n the sample.

Studies described herein are similar as those described 1n
U.S. Pat. No. 7,476,652, the entire contents of which are

incorporated by reference herein.

Example 12: Confirmation of Stability and Activity
of Lemtrada™ (Alemtuzumab)

Lemtrada (alemtuzumab) 1s a recombinant DNA-derived
humanized monoclonal antibody that selectively targets
CD52. It has an approximate molecular weight of 150,000
daltons.

Alemtuzumab samples are incubated in containers as
described in the stability testing and/or stress testing meth-
ods provided in Example 6. Preferably, the samples are
incubated both 1n standard glass vials with approprate
closures and glass vials such as those provided herein. At the
desired intervals, samples are removed and assayed to
determine the activity of the agent 1n, at least, on in vitro or
in vivo assay to assess the biological activity of alemtu-
zumab. The activity of alemtuzumab 1s determined using
methods and controls appropriate to the agent.
Immunutluoresence

Overall, target cells (HUT-78 cells) are incubated with
alemtuzumab {followed by fluorescent detection reagent
(FITC-labelled polyclonal anti-human IgG Fc domain
(Si1igma). Fluorescence 1s subsequently measured by flow
cytometry to indicate the amount of bound alemtuzumab.

Detailed procedure. Cells are harvested from culture by
centrifugation and resuspended 1n a wash bufler to give
approximately 1.25x10° cells/ml. Fifty microliters of alem-
tuzumab sample 1s mixed with 50 ul of cell suspension 1n a
96-well microtitre plate. The mixture 1s mncubated on 1ce or
at room temperature for 30 min. Wash bufler 1s added to a
final volume of 200 ul, the cells are pelleted by centrifuga-
tion at 200xg for 1 min and the supernatants were removed.
This 1s repeated four times. The cells are resuspended 1n 50
ul of detection reagent, and incubated as before for 30 min
They are washed three times as before and finally resus-
pended 1 100 pl wash bufler. Fifty microliters of 3%
tformaldehyde 1n PBS 1s added to stabilize the cells. The cells
are analyzed on a FACScan equipped with a FACSmate
robotic sampler for microtitre plates (Becton Dickinson). All
fluorescent-labelled samples are protected from undue expo-
sure to the light.

The FACScan 1s set to collect four parameters each 1n 256
channels, representing a 4 log range of fluorescence inten-
sity. Five thousand events are collected for each sample. List
mode data are transierred to magneto-optical disc to allow
analysis oflline at a later date and for long-term data storage.
The standard package for data analysis 1s WinMDI (Joseph
Trotter, Scripps Institute, Version 2.8) running on an IBM-
PC-compatible computer. Data from some experiments are
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also analyzed using CellQuest (Becton Dickinson, Version
3-10F) runming on an Apple Macintosh computer. Difierent
computers and software packages are used to check for
systematic errors 1n the data analysis algorithms and to
validate alternative systems for routine use.

A region 1s set on the cytogram of forward versus side-
ways scatter to select the cells which are viable at the time
of stamning. A histogram of the green fluorescence of the
cells 1 this region 1s printed. The median fluorescence
intensity (MFI) of all cells 1n the histogram 1s computed. A
valid sample had more than 50% of events in the cytogram
region and a unimodal distribution in the histogram. Median
fluorescence 1s plotted versus antibody concentration for
standard samples ranging from 0.025 to 100 mg/ml. The
curve ol best fit 1s computed using the four parameter
logistic equation:

MFI at conen C=[(plateau)/(titre/C)**?°+1]+back-
ground

Plateau 1s the MFT at infinite antibody concentration. Titer
1s the antibody concentration at which the MFI 1s half of the
plateau. Slope 1s a constant, characteristic of a particular
assay, generally in the range 0.5-2.5. Background 1s a
constant, representing the MFI of cells not exposed to
alemtuzumab (1.e. negative control). These are calculated by
non-linear least square minimization using the SciApps
soltware package (Version 1.50) on an Acorn RiscPC.
Alemtuzumab Enzyme-Linked Immunosorbent Assay

Aflinity-purified rabbit anti-rat IgG (whole molecule),
absorbed with human IgG to prevent binding to human IgG
(1 ug/100 ul 1 0.05 M carbonate bufler, pH 9.4) 1s added to
flat-button 96-well microtitre plates (Fisher Scientific Inter-
national) overmight at 4° C. 1n a cold-room. Plates are
washed five times with PBS-Tween 20 (PBS contaiming
0.01% Tween 20; Fisher Scientific International) and
blocked using 300 ul BSA (2%) 1n PBS-Tween 20 for 1.5 h
at 37° C. Plates are then washed six times with PBS-Tween
20, and 100 ul of a 1:20,000 dilution of a sample (blood/
serum sample) 1 2% BSA-PBS are added in duplicate.
Plates are incubated for 1.2 h at room temperature with slow
shaking, after which they are washed at least eight times
with PBS-Tween 20 and incubated with 100 ul of a 1:50,000
dilution of peroxidase-conjugated afhnity-purified rabbait
anti-human-Fc 1n PBS-Tween 20 containing 15% fetal calf
serum for 1.5 h at room temperature with constant shaking.
A further eight washes with PBS-Tween 20 are carried out,
then 100 pl of substrate (3,3'-5,5'-tetramethylbenzidine,
DAKO) 1s added to each well. After 4-8 min the reaction 1s
stopped with 50 ul of 2N HCI; plates are read at 450 nm, and
a log reading of samples against control 1s calculated.
Immunoreactivity Assay

Saturation binding studies are performed with '°®Re-
labeled alemtuzumab (direct labeling based on a method
previously described by Blauenstein et al., Eur J Nucl Med
(19935); 22(7):690-8) using Hu'l-78 cells. Nine test solutions
(1n triplicate) containing increasing amounts of radiolabeled
alemtuzumab and 1.0e6 cells are incubated at 4° C. for 2.5
h. The supernatant 1s removed by centrifugation and cells are
washed with PBS. For each sample, nonspecific binding 1s
determined using a 100-fold excess of cold alemtuzumab.
The resulting pellet 1s counted for radioactivity. The disso-
ciation constant (K ) and maximum binding capacity (B
are calculated.

A Lindmo assay 1s used to determine the immunoreac-
tivity. To serial dilutions of the cell line (between 4.0e6 and
0.23e6 cells), radiolabeled antibody (0.05 nM) 1s added. The

cells are further treated as described above for the cell ligand

max)
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binding assay. The data are plotted by total applied radio-
activity over specific binding as a function of the inverse cell
concentration. The immunoreactive fraction 1s determined
by mean of linear extrapolation to infinite cell concentration.
Gadolintum-DTPA (Gd-DTPA) Enhanced Magnetic Reso-

nance Imaging (MRI) to Determine Effects of Treatment
with Alemtuzumab

Imaging of the brain and spinal cord (e.g., but not limited
to, an appropriate animal model, such as a chimpanzee) are
carried out at baseline and at various times aiter the start of
treatment. Cerebral lesion loads are quantified, together with
partial brain and ventricular volume. Each subject undergoes
T1 mmaging of the brain and spinal cord before and 1mme-
diately after the administration of triple dose Gd-DTPA at a
dose of 0.3 mmol/kg. T2 weighted spin echo 1maging of the
brain (12: time of repetition (ITR) 3000 ms, time of echo
(TE) 15/90 ms; T1: TR 600 ms, TE 20 ms) are also carried
out after Gd-DTPA administration. All sequences are
acquired as contiguous 5 mm thick axial slices. All enhanc-
ing lesions are 1dentified by a single experienced rater and on
tollow up scans are classified as new (first appearance) or
persistent (seen on previous scan), Image analysis 1s per-
formed at a SUN workstation using a local thresholding
technique with manual editing. T2 and T1 hypointensity
volumes are calculated with reference to marked hard cop-
1e8.

The measure of partial brain volume, reflecting atrophy, 1s
calculated using methods known 1n the art. Brain volume 1s
measured by extracting the brain images from the skull
using a computer algorithm and by measuring the volume
occupied by four 5 mm slices, the most caudal being at the
level of the velum interpositum cerebri. Ventricular volumes
are obtained by analyzing the T1 weighted 1images using an
interactive image analysis package (MIDAS). Whole brain
regions are obtained using a semiautomated 1terative mor-
phological technique originally developed for three dimen-
sional volumetric scans. Mean signal intensity over these
brain regions are calculated. Ventricular regions are outlined
using a thresholding techmique with the ventricular-brain
boundary being set at 60% of the whole brain signal inten-
sity. The ventricular region consisted of the lateral ventricles
including the temporal horn but excluding the third and
fourth ventricles. High signal structures within the ven-
tricles, for example, blood vessels, are excluded. Ventricular
volumes are automatically calculated from the outlined
regions by multiplying total area outlined by slice thickness.

Statistics. Non-parametric tests of statistical significance
are used. Cross sectional comparisons between groups are
performed using the Mann-Whitney U test, and changes in
MRI and clinical measures over time are assessed using the

1lcoxon signed rank test. Correlations are assessed using
Spearman’s rank correlation coeflicient.

Romberg’s Test

The Romberg’s test 1s a test used by doctors and physical
therapists when assessing a subject’s neurological disposi-
tion. In various forms of the test, the subject stands with feet
in close proximity, with arms at the subject’s side and eyes
open. Any observations of significant swaying or a tendency
to fall (lose balance) 1s noted. The subject 1s subsequently
asked to close their eyes. Other maneuvers include, e.g.,
asking the subject to look away from the ground and asking
the subject to follow the examiner’s finger with subject’s
eyes as fingers move rapidly 1n a left to right direction or an
up and down direction. Any postural swaying 1s noted and
compared with that observed with open eyes. The degree of
swaying as well as 1ts position should be noted (swaying
from the ankles, hips or entire body). The Romberg’s test 1s
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considered positive 1f there 1s significant imbalance with the
eyes closed or the imbalance significantly worsens upon the
closing of the patient’s eyes (1f imbalance was present with
the eyes open). Normal subjects also tend to sway to some
extent upon closing their eyes. Low normal performance
consists of the ability to stand heel-to toe, with eyes closed,
for s1x seconds. Young subjects should be able to perform
this test for thirty seconds, but notably, performance 1s
reported to decline with age. Hysteria 1s an important cause
of a false-positive Romberg’s test. Subjects with hysteria
tend to sway from the hips rather than the ankles. However
they do not fall and hurt themselves. In these subjects, the
imbalance can also be reduced by asking distracting ques-
tions or by doing the finger nose test simultaneously. Several
procedures such as standing on one foot and one foot in front
of the other have been suggested to increase the sensitivity
of Romberg’s test, but the test with the feet together is
usually suflicient.

Example 13: Confirmation of Stability and Activity
of REGN727/SAR236553 (Alirocumab)

Alirocumab 1s a human monoclonal antibody that binds to
and 1nhibits proprotein convertase subtilisin‘kexin type 9
(PCSK9) activity. PCSK9 1s a secreted protease involved 1n
regulating hepatic LDL receptor activity, and blocking
PCSK9 binding to the LDL receptor with alirocumab 1s
cllective 1 lowering LDL-C in humans. Alirocumab 1is
currently being evaluated for the treatment of hypercholes-
terolemia. Alirocumab 1s being developed for subcutaneous
administration.

Alirocumab samples are incubated i1n containers as
described 1n the stability testing and/or stress testing meth-
ods provided in Example 6. Preferably, the samples are
incubated both 1n standard glass vials with appropriate
closures and glass vials such as those provided herein. At the
desired intervals, samples are removed and assayed to
determine the activity of the agent 1n, at least, on 1n vitro or
1n vivo assay to assess the biological activity of alirocumab.
The activity of alirocumab 1s determined using methods and
controls appropriate to the agent.

LDLR Binding Assay

LDLR ectodomain 1s coated on a 96-well plate. Bioti-
nylated PCSK9 1s mcubated with LDLR on the plate, and
various amounts of (0 mg to 500 mg) alirocumab are added
to the wells. The plate 1s treated with streptavidin-HRP
followed by addition of an HRP substrate to produce chemi-
luminescence. Chemiluminescence 1s determined and com-
pared to negative controls with no alirocumab 1n order to
determine the eflect of alirocumab on the level of PCSK9-

LDLR binding.

Example 14: Confirmation of Stability and Activity
of SAR2405550/BSI-201 (Imiparib)

SAR2405550/BSI-201 1s a small molecule (4-10do-3-

nitrobenzamide, a C-nitroso prodrug) that has been shown to
be capable of inducing y-H2AX 1n tumor cell lines, inducing
cell cycle arrest in the G2/M phase in tumor cell lines, and
potentiating the cell cycle effects of DNA damaging modali-
ties 1n tumor cell lines.

SAR2405550/BSI1-201 samples are incubated 1n contain-
ers as described 1n the stability testing and/or stress testing
methods provided in Example 6. Preferably, the samples are
incubated both 1n standard glass vials with approprate
closures and glass vials such as those provided herein. At the
desired intervals, samples are removed and assayed to
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determine the activity of the agent 1n, at least, on 1n vitro or
iIn vivo assay to assess the biological activity of
SAR2405550/BSI-201. The activity of SAR2405550/BSI-
201 1s determined using methods and controls appropriate to
the agent.
Apoptosis Assays

BRCAZ2-deficient PEO1 human ovarian cancer cells and
their BRCAZ2-revertant PEO4 counterpart cells are plated at
5x10% cells per 60-mm dish and are allowed to adhere for 24
hours, prior to treatment with SAR2405550/BSI-201 in
0.1% (v/v) dimethyl sulfoxide for 6 days. At the end of
treatment, adherent cells are recovered by trypsinization,
combined with cells 1n the supernatant, sedimented at 150xg
for 10 minutes, washed 1n ice-cold calcium- and magne-
sium-iree Dulbecco’s phosphate buflered saline (PBS), and
fixed at 4° C. by dropwise addition of ethanol to a final
concentration ol 50% (v/v). Cells are subsequently rehy-
drated 1n cold PBS, sedimented, resuspended in 300 pL
0.1% (w/v) sodium citrate containing 1 mg/ml. RNase A,
incubated for 15 minutes at 37° C., diluted with 300 ul. 0.1%
sodium citrate containing 100 ng/ml. PI, incubated 1n the
dark at 20° C. for 15 minutes, and analyzed (20,000 events)
on a FACSCanto II flow cytometer (Becton Dickinson)
using excitation and emission wavelengths of 488 and 617
nm, respectively. After data are analyzed with Becton Dick-
inson CellQuest software, normalized apoptosis 1s calcu-
lated as (observed-baseline)/(100-baseline) to correct for
differences in basal apoptosis rates between cell lines.
Colony Forming Assays

Wild-type and Atm™~ MEFs are plated at 500 cells per
dish 1n 60-mm dishes containing medium A (Dulbecco’s
Modified Eagle’s Medium (DMEM)), are allowed to adhere
overnight and are treated with SAR2405550/BSI-201 con-

tinuously. Other cell lines are plated at 1,000 cells per plate
(PEO1 and PEO4, culture in DMEM containing 100 umol/L

nonessential amino acids and 10 ug/mL msulin), 750 cells
per plate (GM 16666 and 16667, culture in DMEM with 100
ug/mL hygromycin), or 500 cells per plate (SKOV3, culture

in McCoy’s 5A medium), are allowed to adhere for up to 14
hours, are treated with SAR2405550/BSI-201 for 48 hours

(GM16666 and 16667) or continuously, stained with Coo-
massie Brilliant Blue, and scored for colony formation (=50
cells) manually.

Cell Assay

MDA-MB-231, and MDA-MB-436 cells are exposed to
various concentrations of SAR2405550/BSI-201 for 5 and 9
days in the presence or absence of buthionine sulfoxamaide
(BSO). After treatment, cell proliferation 1s measured using
the CellTiter-Glo assay.

Melanoma Xenograifts

Tumor cells (5x10°) are injected into the bilateral flanks
of female thymic nude mice (6-8 weeks of age). The tumors
are measured with calipers using the formula: V=L (mm)x12
(mm)/2, where V 1s the volume, L 1s the largest diameter, and
I 1s the perpendicular diameter of the tumor. When the
volume of the tumor nodules reaches 100-150 mm>, mice
are randomly assigned to control or treatment groups (6-9
mice/group ).

Therapeutic treatment with a combination of
SAR2405550/BSI1-201 and the alkylating agent TMZ was
initiated when tumor xenograits (WM9) 1n nude mice reach
100 mm" in volume and treatment was continued for 5 days.
In specific instances, the tumor volume 1s measured for
assessment of therapeutic effect. No significant differences
in tumor growth are observed 1n mice treated with TMZ and
in untreated mice. A reduction 1n tumor volume at termina-

tion 1s found with a combination of TMZ and SAR2405550/
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BSI-201, when compared with the tumor reduction in TMZ
only treated mice. A reduction 1n tumor volume at termina-

tion 1s found with a combination of TMZ and SAR2405550/
BSI-201, when compared with the tumor reduction in TMZ
only treated mice.

Example 15: Confirmation of Stability and Activity
of Otamixaban (Otamixaban)

Otamixaban 1s a synthetic small molecule inhibitor of
Factor Xa, that facilitates the inhibition of the coagulation
cascade through the decreased expression and activity of
thrombin. Otamixaban 1s currently being evaluated for the
treatment of acute coronary symptoms, as a rapid onset
antithrombotic compound. Otamixaban 1s being developed
for intravenous administration.

Otamixaban samples are incubated 1n containers as
described 1n the stability testing and/or stress testing meth-
ods provided i Example 6. Preferably, the samples are
incubated both 1n standard glass vials with approprate
closures and glass vials such as those provided herein. At the
desired intervals, samples are removed and assayed to
determine the activity of the agent 1n, at least, on 1n vitro or
1n v1vo assay to assess the biological activity of otamixaban.
The activity of otamixaban 1s determined using methods and
controls appropriate to the agent.

The Activated Clotting Time (ACT)

The ACT 1s a whole-blood clotting test used to monitor
clotting times. Typically, whole blood 1s collected 1nto a tube
or cartridge contaiming a coagulation activator (e.g., celite,
kaolin, or glass particles) and a magnetic stir bar, and the
time taken for clot formation 1s then measured. A reference
(control) sample 1s analyzed using a blood sample from a
control subject without the addition of otamixaban and
compared to the time for clot formation of a blood sample
from a control subject containing various concentrations of
otamixaban. The typical ACT value for the control sample
ranges between 70 and 180 seconds. The resulting ACT
ranges derived froth samples containing otamixaban are
compared to determine the eflects of otamixaban on clotting
times.

Prothrombin Time (PT) Assay

PT assays are performed on a STA-R Analyzer (Diagnos-
tica Stago) based on individual reagent manufacturer’s
instructions. Briefly, 50 ul of plasma sample 1s incubated for
3-4 min, depending on the PT assay used, with various
concentrations of otamixaban at 37° C. A 100 ul aliquot of
the PT reagent 1s then added to initiate the clotting process.
PT 1s the amount of time needed for a sample to form a clot,
as determined by STA-R.

PT assay results are expressed as the PT ratio, 1.¢. the ratio
of clotting time measurement of sample with otamixaban
compared with the clotting time of plasma alone (blank)
without otamixaban. The International Normalized Ratio
(INR) is then calculated as (PT ratio)”” using manufacturer-
provided generic ISI values. In addition, INR values are
determined using a direct INR method recommended by the
Clinical Laboratory Standards institute. Brietly, a calibration
curve for each PT reagent 1s generated using the five INR
verification plasma samples. Natural logarithms of the PT
values obtained for samples using a specific PT reagent are
plotted against the natural logarithms of their assigned INR
values. Data are fit using a linear least-square regression
model and a coefficient of determination r*=0.95 is used to
accept the calibration curve. For each P'T value obtained, the
INR value was directly interpolated from the appropriate PT
reagent-specific calibration curve.
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Activated Partial Thromboplastin Time
Activated partial thromboplastin time (APTT) 1s mea-

sured with an ML A Flectra 800 automatic coagulation timer
(Orthodiagnostics). Citrated human (George King Biomedi-
cal, Overland Park, Kans.), monkey (rhesus, Covance
Research Product, Alice, Tex.), dog (mongrel, Covance
Research Product), rabbit (New Zealand White, Cocalico
Biologics), and rat (Sprague-Dawley) plasmas are used 1n
the assays. For the APTT measurement, 100 ul of freshly
thawed plasma 1s mixed with 100 ul of otamixaban dilutions
followed by the automatic addition of 100 ul of actin-
activated cephaloplastin reagent (Dade, Miami, Fla.) and
100 ml of 0.035 M calcium chloride to start clot formation.
The anticoagulant activity of the compound 1s evaluated, 1n
part, by determining the concentration required for doubling
the plasma clotting time.

In Vivo Canine Model

Mongrel dogs of either sex (10-20 kg) are anesthetized
with sodium pentobarbital (30 mg/kg 1v, with supplements
given as needed), intubated, and ventilated. A tri-lumen
catheter (SAFEDWELL plus, Becton Dickinson) 1s placed
in the rnght femoral vein for the administration of otamixa-
ban and supplemental anesthesia. The right femoral artery 1s
cannulated for measurement of arterial blood pressure and
for obtaining blood samples. A calibrated ultrasonic tlow
probe 1s placed around the carotid artery and jugular vein for
continuous monitoring of blood flow. In these studies, an
clectric current and a stenosis to restrict blood flow (to
mimic a stenotic vessel and create shear stress on the
neighboring endothelial cells) are used to provide the vas-
cular damage necessary for thrombus formation. The elec-
trodes are inserted through the vessel wall and positioned so
that the intraluminal portion of the electrode 1s 1 firm
contact with the intimal surface of the vessel. A stainless
steel clamp with a screw adjuster 1s used to create the arterial
stenosis. After recording the baseline blood tlow, the screw
clamp 1s adjusted to reduce blood tlow to 60% of baseline.
The jugular vein stenosis 1s created by placing a short
segment of PE-2035 tubing parallel to the vessel and tying a
ligature around the vessel and tubing, after which the tubing
1s removed. Electrolytic injury to the intimal surface of each
vessel 1s accomplished by delivery of 150 mA of anodal
current through the intravascular electrodes.

Fifteen minutes after starting the electric current, ota-
mixaban 1s administered as an intravenous bolus (5 ml) plus
an intravenous infusion (0.25 ml/min for 225 min) Otamixa-
ban 1s prepared 1n 1sotonic saline containing 5% dimethyl
sulfoxide (DMSO) and the doses administered 1n various
doses. Several animals receive the vehicle alone. The time to
zero blood flow (i.e., vessel occlusion) 1n each vessel 1s
measured. The time to vessel occlusion 1s defined as the time
from the 1nitiation of current to when blood flow was equal
to zero for =5 min.

Four hours after the start of the electrolytic injury (2235
min of drug infusion), each vessel 1s ligated and removed.
The vessel segment 1s opened along 1ts longitudinal axis and
the thrombus 1s removed and weighed on an analytical
balance.

Example 16: Confirmation of Stability and Integrity
of Antibody Sarilumab by Size Determination

Antibody based API are used in the treatment of a number
of diseases and conditions. The activity of antibody based
API 1s dependent upon the ability of the antibody to spe-
cifically bind to 1ts target antigen and, depending on the
specific agent and condition to be treated, for the antibody-

10

15

20

25

30

35

40

45

50

55

60

65

64

antigen complex to be recognized and cleared by the body.
These activities are dependent upon proper subunit structure
of the antibody which can be assessed, for example, by
column chromatography and gel electrophoresis and stain-
ing. Column chromatography can also be used to assess
protein concentration and degradation.

For example, Sarilumab, 1s a human monoclonal antibody
against the interleukin-6 receptor for the treatment of
patients with rheumatoid arthritis and potentially for patients
with ankylosing spondylitis.

Antibody based API are incubated in containers as
described 1n the stability testing and/or stress testing meth-
ods provided in Example 6. Preferably, the samples are
incubated both in standard glass wvials with approprate
closures and glass vials such as those provided herein. At the
desired intervals, samples are removed and assayed to
determine antibody based API size and subunit structure, for
example, by chromatography and/or gel electrophoresis
methods.

Chromatography Methods for Size Detection

Samples of antibody based API subject or not subject to
stability and/or stress testing are diluted and subject to
analysis by size exclusion chromatography (SEC), prefer-
ably SEC-high performance liquid chromatography (SEC-
HPLC). Chromatography columns are available from a
number of commercial vendors (e.g., WATERS, BIO-RAD).
Si1ze exclusion chromatography columns separate com-
pounds by gel filtration chromatography. The working range
of the gel 1s the volume between the void volume, those
solutes which elute first, and the totally included volume,
those solutes which elute last. Protein aggregates; com-
plexes, e.g., dimers; monomers;, and fragments, can be
detected by photometry for absorbance at 350-3500 nm or by
UV detection at 280 nm.

The specific column type, column size, solvent type, tlow
rate, and detector type can be selected based on the specific
API to be analyzed. Diflerent solvents can be selected to
detect monomer or higher order structures. Antibodies are
composed of two light chains and two heavy chains held
together by disulfide bonds. Column chromatography meth-
ods can be used to assess the antibody structure as a
tetramer, under non-reducing conditions, or as the monomer
subunits, under reducing conditions. Antibody-antigen bind-
ing can also be analyzed by incubating an excess of antigen
with the antibody prior to column chromatography. The
amount ol antibody-antigen complex 1s determined by a
shift 1n molecular weight of the antibody, and the ratio of
antibody that does or does not bind antigen 1s determined An
excess of unbound antigen 1s observed.

The relative amounts of aggregates, tetramers, monomers,
degradation products, and antigen binding are determined 1n
an antibody API sample that has undergone stability and/or
stress testing and compared to the control sample that has
not undergone stability and/or stress testing. The total pro-
tein concentration i1s also determined. A change in the
amount of aggregate, tetramer, monomer, or degradation
products; and/or a change in total protein concentration,
indicate a change in the API during stress and/or stability
testing.

Gel Electrophoresis Methods for Size Detection

Samples of antibody based API subject or not subject to
stability and/or stress testing are diluted and resolved by gel
clectrophoresis. SDS-PAGE 1s used to determine protein
size and aggregate formation. Native, non-reducing gel
clectrophoresis 1s used to analyze antibody tetramer struc-
ture. Antibodies resolved by gel electrophoresis are detected
using sensitive staining methods, such as silver stain. Gel
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clectrophoresis and silver staining methods are known 1n the
art. A change 1 the amount of aggregate, tetramer, mono-
mer, or degradation products; and/or a change in total
protein concentration, indicate a change in the antibody
based API during stress and/or stability testing.

Example 17: Confirmation of Stability and Integrity
of Protein API by Antibody Binding

Antibody concentration and conformation can be assessed
using an enzyme-linked immunosorbent assay (ELISA).

Antibody based API are incubated in containers as
described in the stability testing and/or stress testing meth-
ods provided in Example 6. Preferably, the samples are
incubated both 1n standard glass vials with approprate
closures and glass vials such as those provided herein. At the
desired intervals, samples are removed and assayed using
ELISA. A sandwich ELISA method, described brietly
herein, can be used to probe the structure of the antigen
biding domain as well as the immunoglobulin domain.
Variations based on the specific antibody API and ELISA
format used, as well as selection of appropriate dilutions and
controls, are well within the ability of those of skill 1n the art.

In the description of sandwich ELISA methods below for
the detection and characterization of an antibody based API,
for the sake of clarity, the example reters to the IL-6-binding
antibody sartlumab and 1ts antigen IL-6R.

A first antibody capable of binding IL-6R simultaneously
with sarilumab 1s bound to a solid support. IL-6R 1s then
added to the well. Serial dilutions of samples of sarilumab,
subject or not subject to stability and/or stress testing, are
diluted and contacted with the complex attached to the solid
support. Therefore, the amount of sarilumab present in the
well 1s dependent upon the amount of sarilumab in the
sample subject to or not subject to stability and/or stress
testing with a correctly folded antigen binding domain to
bind IL-6R. A detectably labeled secondary antibody (e.g.,
horse radish peroxidase, alkaline phosphatase) that binds to
human Ig(G1k 1s added to the well. The amount of secondary
antibody 1n the sample 1s detected using an appropriate
method based on the label. The amount of sarilumab
detected 1n the samples subject to or not subject to stability
and/or stress testing are compared.

Example 18: Determination of Immunological
Activity of Sarilumab

Sarilumab samples will be incubated i1n containers as
described 1n the stability testing and/or stress testing meth-
ods provided in Example 6. Preferably, the samples will be
incubated both 1n standard glass vials with approprate
closures and glass vials such as those provided herein. At the
desired intervals, samples will be removed and assayed 1n
vitro or 1n vivo assay to assess the activity of sarilumab. The
activity will be determined using methods and controls
appropriate to the agent.

The immunological activity of sarilumab 1s assessed using,
human gp130-transiected cell, BAF-h130, COS-7 cells, and
IL-6-dependent myeloma cell line, KPMM?2 as described
below and in M. Mihara et al., International Immunophar-
macology (20035) 5:1731-1740.

IL-6 Signaling Mediated by sIL-6R

BAF-h130 cell 1s a human gpl30-transiected murine
pro-B cell, BAF-B03. BAF-h130 cells (1x10%) are cultured
with IL-6 (100 ng/ml) (Genzyme-techne, Minneapolis,
Minn., USA), sIL-6R (3500 ng/mL) or sarilumab (0.01-100
Ag/mlL) at 37° C. under 3% CO2 for 4 days mn 96-well
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flat-bottomed plates. The culture 1s performed 1n quadrupli-
cate. [°H]-thymidine (10 uL/well, 3.7 MBg/mL) (Amercham

Pharmacia Biotech, Piscataway, N.J., USA) i1s added to each
well 5 h before the completion of culture. After incubation,
the amount of [°H]-thymidine uptake into cells is deter-
mined with a scintillation counter (1450 MicroBeta) (Wal-
lace Oy, Turku, Finland).

BaF-h130 cells could grow by the co-addition of IL-6
(100 ng/ml) and sIL-6R (500 ng/mlL), but not by IL-6 or
sIL-6R alone. Sarilumab suppresses the proliferation of
BAF-h130 cells induced by the complex of IL-6 and sIL-6R
in a concentration-dependent manner. Sarilumab suppresses
the IL-6/sIL-6R complex-induced proliferation of human
opl30-transiected cell, BAF-h130.

Transiection of Cos-7 Cells with Human IL-6R Expression
Vector

COS-7 cells (1x10°) are inoculated into 10 mL of the
medium on a 10 cm dish. Next day, the old medium 1s
replaced with 20 mL of new medium per dish. After 3.42 mL
of Opti-MEM (Invitrogen, Carlsbad, Calif., USA) 1s placed
in a polystyrene tube, 180 ul. of Trans-IT LTI reagent
(Takara Bio, Shiga, Japan) 1s added and mixed well. The
mixture (3.6 mL) 1s left at room temperature for 15 min.
After 60 pg of human IL-6R expression vector hIL-6R/
pcDNA3.1 (+) or control (empty) vector pcDNA3.1 (+)
(Invitrogen) 1s added to 5.4 mL of Opti-MEM and mixed
well with the above mixture, the resulting solution (9 mL) 1s
allowed to stand at room temperature for 15 min, divided 1n
3 mL aliquots on three dishes, and incubated at 37 8 C under

3% CO2 for 3 days.
I1-6 Signaling Mediated by mIL-6R

IL.-6-dependent myeloma cell line, KPMM?2 (1x10° cells/
mlL) are cultured with IL-6 (0-100 ng/mlL) and sarilumab
(0-100 ug/mL) 1n a CO2 incubator for 4 days 1n a 96-well
plate. After incubation, the amount of [°’H]-thymidine uptake
into cells 1s determined with a scintillation counter.

Sarilumab increases the tluorescent intensity i COS-7
cells expressing human IL-6R (IL-6R transiectant), but not
in COS-7 mock cells (a control vector pcDNA3.1 (+)
transiectant), whereas control hlgG1 does not increase fluo-
rescent intensity 1 both IL-6R transfectant and mock trans-
fectant. Sarilumab has the ability to bind to human IL-6R
expressing COS-7 cells and to suppress the growth of the

IL-6-dependent myeloma cell line, KPMM2.

Example 19: Confirmation of Stability and Eflicacy
of Visamern™/Mulsevo™ (Semuloparin Sodium)

Semularin sodium 1s a hemisynthetic ultra low molecular
weilght heparin. Semuloparin sodium 1s an anticoagulant that
tacilitates the mactivation of Factor Xa and thrombin. Semu-
larin sodium 1s being formulated for subcutaneous admin-
1stration.

Semularin sodium samples are incubated in containers as
described in the stability testing and/or stress testing meth-
ods provided in Example 6. Preferably, the samples are
incubated both 1n standard glass wvials with appropnate
closures and glass vials such as those provided herein. At the
desired intervals, samples are removed and assayed to
determine the activity of the agent 1n, at least, on 1n vitro or
1n vivo assay to assess the biological activity of otamixaban.
The activity of semuloparin sodium i1s determined using
methods and controls appropriate to the agent.

Molecular Weight and Molecular Distribution

After the storage conditions described in Example 6, the
molecular weights and molecular weight distribution of
semuloparin sodium 1s determined by high pressure liquid
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chromatography using two columns in series, e.g., those
marketed under the trademarks TSK G 30005SW (30x0.75

cm) and Lichrosorb 100 Dio 10u (25x0.75 ¢cm), or TSK G
2000 SW, coupled to a refractometer detector. The solvent 1s
a 0.3 M phosphate bufler pH 7, and the flow rate 1s 0.7
ml/min. The system 1s calibrated with standards prepared by
fractionation of enoxaparin (PHARMUKA) by exclusion
chromatography on agarose-polyacrylamide (IBF) accord-
ing to the technique described by Barrowclifle et al. Thromb.
Res., 12, 27-36 (1977-78) or D. A. Lane et al., Thromb. Res.
12, 257-271 (1977-78).
Anticoagulant Activity

After the storage conditions described in Example 6, the
overall anticoagulant activity of semuloparin sodium 1is
measured by turbidimetry using the Primary International

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 3

<210> SEQ ID NO 1

<211> LENGTH: 44

«212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
«220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

polypeptide

<400> SEQUENCE: 1

10

08

Standard of low molecular weight heparin. The anti-factor
Xa (antithrombotic) activity are measured by the amidolytic

method on a chromogenic substrate, as described by Teien et
al., Thromb. Res. 10, 399-410 (1977), using the Primary

International Standard of low molecular weight heparin.
Studies described herein are similar as those described in

U.S. Pat. No. RE38,743, the entire contents of which are
incorporated by reference herein.

It will be apparent to those skilled in the art that various
modifications and variations can be made to the embodi-
ments described herein without departing from the spirit and
scope of the claimed subject matter. Thus 1t 1s intended that
the specification cover the modifications and variations of
the various embodiments described herein provided such
modification and variations come within the scope of the
appended claims and their equivalents.

Synthetic

His Gly Glu Gly Thr Phe Thr Ser Asp Leu Ser Lys Gln Met Glu Glu

1 5 10

15

Glu Ala Val Arg Leu Phe Ile Glu Trp Leu Lys Asn Gly Gly Pro Ser
30

20 25

Ser Gly Ala Pro Pro Ser Lys Lys Lys Lys Lys Lys
35 40

<210> SEQ ID NO 2

<211> LENGTH: 21

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<«220> FEATURE:

<223> OTHER INFORMATION: Desgcription of Artificial Sequence:

peptide

<400> SEQUENCE: 2

Synthetic

Gly Ile Val Glu Gln Cys Cys Thr Ser Ile Cys Ser Leu Tyr Gln Leu

1 5 10

Glu Asn Tyr Cys Gly
20

<210> SEQ ID NO 3

<211> LENGTH: 32

«212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Desgcription of Artificial Sequence:

polypeptide

<400> SEQUENCE: 3

15

Synthetic

Phe Val Asn Gln His Leu Cys Gly Ser His Leu Val Glu Ala Leu Tyr
1 5 10 15

Leu Val Cys Gly Glu Arg Gly Phe Phe Tyr Thr Pro Lys Thr Arg Arg
20 25 30
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What 1s claimed 1s:

1. A pharmaceutical product comprising:

lixisenatide, alemtuzumab, alirocumab, iniparib, otamixa-

ban, sarilumab, msulin glargine and lixisenatide or
semuloparin sodium and a pharmaceutically acceptable
excipient;

contained within a glass pharmaceutical container com-

prising a glass composition comprising;:
510, 1n a an amount greater than or equal to about 72 mol.
% and less than or equal to about 78 mol. %;

alkaline earth oxide comprising both MgO and CaO,
wherein CaO 1s present 1n an amount up to about 1.0
mol. %, and a ratio (CaO (mol. %)/(Ca0O (mol.
%)+MgO (mol. %))) 1s less than or equal to 0.5;

X mol. % Al,O;, wherein X 1s greater than or equal to
about 5 mol. % and less than or equal to about 7 mol.
o,

Y mol. % alkali oxide, wherein the alkali oxide comprises
Na,O 1n an amount greater than about 8 mol. %; and

a ratio of a concentration of B,O; (mol. %) 1n the glass
container to (Y mol. %-X mol. %) 1s less than or equal
to 0.3.

2. The pharmaceutical product of claim 1, wherein the
pharmaceutical container comprises a compressive stress
greater than or equal to 150 MPa.

3. The pharmaceutical product of claim 1, wherein the
pharmaceutical container comprises a compressive stress
greater than or equal to 250 MPa.

4. The pharmaceutical product of claim 1, wherein the
pharmaceutical container comprises a depth of layer greater
than 30 pm.
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5. The pharmaceutical product of claim 1, wherein the

pharmaceutical product comprises increased stability, prod-
uct integrity, or eflicacy.

6. The pharmaceutical product of claim 1:

wherein the glass pharmaceutical container has a com-
pressive stress greater than or equal to 150 MPa and a
depth of layer greater than 10 um, and wherein the
pharmaceutical product comprises increased stability,
product integrity, or eflicacy.

7. The pharmaceutical product of claim 1:

wherein the glass pharmaceutical container which 1s sub-
stantially free of boron, and wherein the pharmaceuti-
cal product comprises increased stability, product
integrity, or eflicacy.

8. The pharmaceutical product of claim 7, wherein the

glass pharmaceutical container comprises a compressive
stress greater than or equal to 150 MPa and a depth of layer
greater than 25 um.

9. The pharmaceutical product of claim 8, wherein the

glass pharmaceutical container comprises a compressive
stress greater than or equal to 300 MPa and a depth of layer
greater than 35 um.

10. The pharmaceutical product of claim 7, wherein said

glass pharmaceutical container comprises a substantially
homogeneous 1nner layer.

11. The pharmaceutical product of claim 10, wherein said

glass pharmaceutical container comprises a compressive
stress greater than or equal to 150 MPa and a depth of layer
greater than 25 um.

12. The pharmaceutical product of claim 1, wherein the

pharmaceutical container comprises an internal homoge-
neous layer.
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